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METHCD ‘AND APPARATUS FOR SW TCHI NG CONTEXT OF STATE ELEMENTS 4N=A-ii- 3 "%
M. CROPROCESSCR. 1. Field of the 1nvention The present invention relates
‘to nethod and apparatus for 5 'managing the nenory in a conputer. More
specifically, the.present invention relates to nethod.and apparatus for .-
switching the context of state elenents in a very fast processor whenever
there is a cache mss. 2. Art Background 10 It is quite
common for a fast central processor unit1to have a cache nenory in addition .
to a main conputer erory. The cache nenory is snal|ler but nuch faster than
the nmin conpu METHED, AND |/ L-"t-‘,-":‘lj- Zli ..::n i 0f) STATE ELEMEN] 2t he mai n
menory. Duri ng- +he—exeettor——et A st t—progtam—t-he—cache~emsr y St or es
the nost frequent!ly ufiliZEgldoidbeinuenlidR and 15 data. Wenever the _
processor needs to access inforypf rQEerﬁtFierBr{ﬁBﬁrP%leesﬁg?ne?ﬁ&f%ﬁéQé?]&é&!?fﬂﬁs
€ mai n conputer nory. ca

the cache first before accessingt in : _ e mssS
occurs if thegprqr@fdpiig thanhérhofy iRt ¢dMpitar tMAre ispedificdlly dhbdpregerit itventiche
-nmenory and is required to access the slower main nmenory. Thus, the cache
menory reduces -t lrelatesdo aopthos aod ppparatussior switching themontextalstatexglemants ina -
I nstruction stream.i sequence of instructions executed by the processor
to acconplish a dle%ﬁs ?'88%39,' w&ggﬁv%{gﬁeoﬁdsgrca&ﬁ%m%s: To date, a processor
does either one of the following two things when it encounters a cache nm ss
in-an instruction stream (1) it stays idle until the instruction or data
25 .access to the nui 8 nenAtBackgolades, or (2) it executes other .

I nstructions _ in the stream out ,of otrder. These appr.oaches are

acegpt abl e ad% ong as they prodUé@“HScgﬂ‘&‘{"aéﬁf?iﬁvs\qlcﬁ@%é&%celsﬁo't%t tBﬁS%F@aI

size (real estatghché nefory in addition to a main computer memory. The cache memory is

smaller bbt much faster than the main computer memory, is placed between the
the processor and the main memory. During the execution of a software _
program, the cache memory stores the most frequently utilized instructions and

15 data. Whenever the processor needs to access information from memory, the
processor examines the cache first before accessing the _m_ain computer '
memory. A cache miss occurs if the processor cannot find the instruction or data
in the bache mémory and is required to access the slower main memory. Thus,
the cache memory reduces the average memory access time of a procéssor.

_ 20 ) o
el ) An instruction stream is a sequence of instructions executed by the
- processor to accomplish a given process, such as add or divide. To date, a

processor does either dne of the following two things when it encounters a
cache miss in an instruction sfream: (1) it stays idle until the instruction or data

25 access to the main 'memory completes, or (2) it executes other instructions in the
stream out of order. These two approaches are acceptable as long as they
: prod.uce no substantial increase in the physical size (real estate) of the
processor, and the penalty for cache misses does not overwhelm the average
instruction é:ycle of the processor. Cache memory is typically 32K to 1 M byte in

30 size, and hence does not occupy significant space on a processor chip or a

r

processor board.




pfocessor, and the penalty for cache nisses does not overwhel mthe average
i nstruction cycle of the processor. Cache nmenory is typically 32K to 1 M
Byte i 30 " size, and hence does not occupy significant space on a
procesédr chip or a processor board. -2- However, the faster the
processors beconme, the heavier the penalty for cache m sses. The penalty
for cache msses refers to the length of t4 &e a processor takes to retrieve

needed i nformation friesweves thieniasteREDsr¥casPOr8 besehid | 168 Beawér the pesdly fA SS. I N
a typical 40 MHz m croprocessor capable of 5 executing 40 mllion
i nstructions per caeednigseshiimespenaltyidonraghe missesietasyiorthe leagtheofimea i s twenty.

(20) clock cycle % h the cache nenory and
_ further assum ngglgﬁg?sibrE)%(EQE:o;rg%neov%émﬁeﬁ%dg‘p%%g%tﬁtgﬁr%&etnﬁ\én TEMPTY Hegn
processor, the aysdum@AcdMdEHchemisd. %Kt)pr&iWMPlQrmnbrﬂﬁrbbé%bk eébaafe dthese
processors mould only be .01 (20) + 9 (1) = 19 instead of 1.0 because

of 10 cache %i sexqnutied G@milm lgstmcnomsmerpaew&s{yﬂ?@ thsm?lﬂ?")dblf every caghel . 19 =

33.6 MPS. It is U|t el Ale the structlona

oper ations of fag‘f @Eeé\gyngﬁgclo%% %3 ??8"\'%% c?g’eam'ﬁ? 6%82%‘5€E°%98¥I ity to
per form nul ti pl emla&orf TGRSR lohk ciobk Eytfe SetrOEtRAKIor WY ery thest  as
cache m sses slow down the raw processi ng speed of fast processors, they .

al so create bottprosessRs t'i‘&la\telﬁ@edﬂtp@qfwégbéf%hé Pﬁf'ﬁé‘é&%@ﬁ' of thes adver se
eifects of the caRbsdiaRFOR) bk SNGoph N8l A1 (GULGRGHSS Bausdl (e

speed of very fa rocessors t he "previ ous concer
10 cache miss penalty. As such, the processors merely delwer 40/1.19 = 33.6

N "~ MIPS. ' )

It is quite common to pipeline the instruction and memory operations of
fast processors. A pipeline refers 10 a processor's ability to perform muitiple
15 tasks concurrently in the same clock cycle. Just as cache misses slow down the
raw processing speed of fast processors, they also create bottlenecks in the

pipelines of the processors.

_ The adverse effects of the cache miss penalty and pipeline bottlenecks
20 on the speed of very fast processors render secondary the previous concern df
. minimizing the physical size of a processor. The trade-off is inevitable in view of'
N\ * the dramatic increasé in speed of processors and the popularity of pipeline

processing.

25 As will be described more fully below, the present invention provides
meihod and apparatus for switching the context of state elements in a very fast
processor upon occurrence of a cache miss. The present invention saves the
state of a first process upon a cache miés and permits the processor to begin
executing a second process within one clock cycle. Should the second process

30 encounters another cache miss, the processor may return within one clock cycle
to finish executing the first process if the necessary data had been retrieved

L3

from the main memory. Otherwise, the processor may begin executing a third
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m nim zing the physical size of a processor. The trade-off is inevitable in
view of the dramatic increase in speed of processors and the popularity of
pi pel i ne processing. 25 As will be described nmore fully below,. the ¢
present invention provides nethod and apparatus for switching the contmss

of state elenents in a very fast processor upon occurrence of a cache m ss:
The present invention saves the state of a first process upon a cache m ss
and permts the processor to begin gxecuting a second process wi thin one

cl ock cycle. Should the second process 30 encounters another cache. m ss,

the pr OCGSZ@@QE?%% E% WhBerddcd tht ke ?\hﬁ?dgeer‘"dfcdrSCéébJsi Wh?’? KAy the _.

first proc e necessary data ha en‘retrieved fromthe main
menory. O h@gom BA! S| nBRidr executing a third - 3-
process. | @%ﬁcﬁggﬁ%odﬁﬁgt %{ ﬁg@dnugbﬁg&of processes who's states are
duplicated nmay easily be a | arge nunber n. -4- SUWARY OF THE | NVENTI ON
An apparatus and nethod are disclosed for swtching the context of state

el ements of a very fast processor within a clock cycle when a cache m ss
occurs. To date, processors either stay idle or execute instructions out of
order 5 when they encounter cache m sses. As the speed of processors
becone faster,



the penalty for a cache mss is heavier. Having nultiple copies of state
el ements on the processor and coupling themto a nultiplexer permts the
p;?oces_ior to save the context of the current instructions and resune
execut4sfg new i nstructions within one clock cycle. The invention discl osed
is particularly useful 10 for mnimzing the average instruction cycle
time for very fast processor with a main nenory access tine exceeding 15
processor clock cycles. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect s,
features and advantages of the nmethod and apparatus of the present

invention will be apparent fromthe fol4éwng detail ed description of the- .
invention in which: 5 Figure 14,1l r ept gl bl ock diagram of a
processor. Figure 1B illustrat M' e L@jggram of the state

el ements and statgle I i QUL i
- _bI ock di agram of ?}?ﬁé‘?ﬁ@%&@u"ﬁ‘?@? %r%%fs%@é’ée& @(g %gvs@g ?nq:tlﬂg u#%’fﬁ%%&ﬁ?ta?e

|l lustrates gigied 'ofdé?@f{y' fas @fbc%&sémitﬁihaé ok YRl \?heﬁ aacycq'{e\’n'iciésst
processor. Figure II'Tdstrates an execution unrt of a very fast

processor ut pbbgrsNTotdiite! pRICRSE8E dlfhdriitayidhs BRexbAYRNThsMictioh out of order |

5 when they encounter cache misses. As the speed of processors become faster,

the penalty for a cache miss is heavier. Having multiple copies of state elements
on the processor and coupling them to a multiplexer permits the processor to
N save the context of the current instructions and resume executing new
| instructions within one clock cycle. The invention disclosed is particularly useful
10 for minimizing the average instruction cycle time for very fast processor with a

main memory access time exceeding 15 processor clock cycles.



-6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON An appar atus and nethod for .
switching the context of state elenents in a very fast processor upon
occurrence of a cache mss is disclosed. In the follow ng description, for . ¥
pur poses of expl anation, specific devices, signals, and 5 data strultes
are disclosed in order to nore thoroughly understand the present invention.
However, it wll be apparent to one skilled in the art that the present
invention may be practiced without thege.specific details. In other

i nstances, well known circuits, devices, and data structures are not.

di scl osed herein to avoi ¢HsEdE SR N LIVRVIINGID unnecessarily. 10
Figure 1 Ais a_conceptual bl ock diagramof a processor. Aregister file 1°
is coupled to aTBQrﬁCPJE » Atures,3nd advagtagespiihe methost and appamtys of the
conbi national |logic circuit. 3 and t registers 5 are responsible far

decodi ng. | PEaseRL I aron It be apBgrestdrom g 1Showiae: oeielied abstiation of the
instructia Lt [red to 15 conbi national logic circuit 7 and
registers'&angggiégﬁﬁﬁﬁh.'Thereafter, the results of executed instructions
are wigtten on an communi cation or instruction bus 8. Figure 1Bis a =~
conceptual block diagramof the state el enents and 20 statel ess el enents

of a processor. Fgeﬁée TACRIEtatés %r&n’dt@ﬁgﬁél%lé& Bidyraf! Jgf.‘é Hﬁ?e?éor?n'

i nstruction bus By state el enents present 1"nventi o ers to flip-
flops and regi sFagdre M Bh@lustates accsrteptudlibloddiagramosfthBi s1afe/ elements
information indicative of the state of a particul ar process or praocesses.
Such st at eard statelesstelements of aprocessorof register files, status bits,

condi tion codes, and pre-fetched 25 instructions. On the other hand, the -
pi peline 6 is sFigwted illusiratesa block diagram of the state of multiple N o/

10 processes.
| Figure 3 illustrates a detail description of the state elements of a very
fast processor. | |
Figure 4 illustrates an execution unit of a very fast processor utilizing
the teachings of the present invention. '
15



3
I nformation indicative of the state of process that needs to. be preserved
dwing execution of a process. Myst fast processors have at |east a
fiwe-stage pipeline: they include fetch instruction, decode instruction,
queue TTStruction for execution, execute instruction, and wite result of
I nstruction. For further 30 reference, please see Mano, M Morris, Conputer
System Architecture, (Prentice-Hall: 2nd.- ed-), Chapter 22. -7- Figure 2
illustrates a typical block di aram of the state of tvvo processes feeding -
the pipeline 6. It will be appeets PRI KN L NMYR e sses can -
feed one pipeline, and ty f
obj ective of the present rPiear{,%ent Ion ﬁ‘cf %fﬁﬁﬁﬁﬁgt%%ﬁdﬂny §th§é %&8@@3%"0?
by utilizing the 5 vernpgist pecessor bpod Uédmhcedtaééﬁcheﬁﬁss?is(d‘sclwaﬂmnah@aChe
mss occurs, the pipeline shall switch fromone process to another. In the
present exanpl e, ffoﬂmngﬂpﬁqnpﬂen dos euraszwfmglapat@@egeewmwea. gignals andss

occurs, the pip t cl oc cle to e

rocess 10 wni | @ o AR girierirel i Biipdbes nrdide usfé el ausERe S e
cache mss. Shoul d &éé@rﬂ%ﬁei‘a@orﬁfl-l“oWé%:e'itiwﬁibéaﬁﬂ%?eﬁth ongkﬁiﬂe@ﬁftﬁé%nttﬁﬁ the
process 8 retrieves the necessary data fromthe nain menory, the pipeline 6

swi t ches within onepresent m\teymrteman bapradticed pithaut these Bpecific)detaits. dn other
construction, the context of plural ity, process be saved. . Fiqure 3
Shos 2 derni 1 e adoHRRats, Han Bnbur bR odiceS ot els Bilueres 3o Botagcidtel
processor 13 and a h‘i@aﬁ?&d'db?»ctﬁ?ﬁ@%é FH%eHﬁhIrenuén%ﬁeée%E&ﬁtfd queue 12

prefetches and decodes instructions menory. For sinple Tnstructions,
pre- fetched qudue transnits executlon ntcr0|nstruct|ons to an execution
unit 14

Figure 1A is a conceptual block diagram of a processor. A register file 1
is coupled to a combinational logic circuit 3 and registers 5. The combinational
logic circuit 3 and the registers 5 ere responsible for decoding instruction from
the register file 1. Next, the decoded instructions are transferred to

15 - combinational logic circuit 7 and registers 9 for execution. Thereafter, the
results of executed instructions are written on an communication or instruction
bus 8.

Figure 1B is a conceptual block diagram of the state elements and
. 20 stateless elements of a processof. State elements 2 are coupled to a pipeline 6
/ over an instruction bus 4. By state elements, the present invention refers to flip-
flops and registers on the the processor chip which store binary information
indicative of the state of a particular process or processes. Such state elements
typically comprise of register files, status bits, condition codes, and pre-fetched
25 instructions. On the other hand, the pipeline 6 is stateless, i.e. does not store
information indicative of the state of process that needs to be preserved during
execution of a process. Most fast processors have at least a five-stage pipeline:
they include fetch instruction, decode instruction, queus instruction for
execution, execute instruction, and write result of instruction. For further
30 reference, please see Mano, M. Morris, qunmgLs!smm_AmhMum,f
(Prentice-Hall: 2nd. ed.), Chapter 22.



over a mcroinstruction bus 16. For nore conpl ex instructions, the
pre-fetched queue 12 starts the mcroprogramflow by sending signhals to a
m croprogram 20 sequencer 18 over the bus 16. An address translation unit -4
22 inplenents efficient on-chip menory managenent by performng virtudesto
physi cal -address translation for all nenory translation. When a cache mss
occurs, the pre- fetched queue 12 sen a mcroinstruction to the address
translation unit 22 over the bus 16 fo fetch the address of the next

process from nenoflgureiZjliystiatesa typicahplock giggram of Hig; date of i RIRCESEefe bus
protocol and{&g0 %nigzﬁéelﬁ%?“lﬁwuﬁ?&Qpﬁ?ed:é?écﬂr{#gﬁﬁz rgﬂg ';ﬂb&és@%b ‘E%ﬁ' on.

Referring again t ower Ormer o

i1l ustrationféed enéipmnrke@dnamprbc@ésee clal feetPéach diRer! it @aniBbjectie 61 very
fast 30 processor. A wite-read buffer 30 is coupled to a register file

32. An arit hihe peeseaignventiente maxinize tesipeed®! the pracessor b)tdt!'gﬂ"&ithﬂo t he
out put of

(ACSY “a65 s PiRang K netofiel Rl e s eostta St Bish 2PETa e plieings' bt or e
it is ”ansmshéﬁew%h ﬁoﬁ%u'ﬂroéas:s,wlgn tﬁspmmertﬁeémbbfmabl i'i‘me%?éhrféf the

present invention, state flip-flops each of state el enmen

processor- i s gdg rebtectatngcbroebssm wherl ax:ache misscqelescithecpipdlineténis swilghed at e
flip-flops. As such, Figure 4 shows the present invention as applied to the
executi on unmithinong Clogfecysinoaxesute psocess HQ) while saving ‘QQCP%‘eEGLRSIs&!e?t 0 a

lurality n n r e
\R/ri te- regd bﬁrgpeofcngg p\% [? hae%oupé)mags §"§‘98|P' %slst‘gﬁ%FBJﬂMé %%gc iles 32 -
32" over10 lehiss Belokd mb@fedesse refeles ﬁzedfaceséalrpuﬁtafffdmﬁehﬁaaalrﬂémbdyt y of )
register files 32 -
the pnpelme 6 swntches within one clock cycle 1o another process. Through this

construction, the context of a plurality process 11 may be saved.

Figure 3 shows a detailed descnptnon of the various state elements ofa
15 processor 13 and a sketch of its execution unit. A pre-fetched queue 12
prefetches and decodes mstructnons from memory. For simple instructions, pre-
fetched queue transmits execution microinstructions to'. an execution unit 14 |
over a microinstruction bus 16. For more complex instructions, the pre-fetched
queue 12 starts the microprogram flow by sending signals to a microprogram
20 sequencer 18 over the bus 16. An address translation unit 22 implements
efficient on-chip memory management by performing virtual to physical eddress
translation for all memory translation. When a cache miss occurs, the pre-
fetched queue 12 sends a microinstruction to the address translation unit 22
over the bus 16 to fetch the address of the next process from memory. Finally, a
25 bus controt Iegic 26 manages the bus protocol and recognizes events such as

interrupts and initialization. ‘ i

Referring again to Figure 3, at the lower left hand corner of the
illustration is a detailed sketch of a tybical execution unit of a very fast
30 processor. A write-read buffer 30 is eoupled te a register file 32, An arithmetic
logic shift unit (A'LSU) 36 is further coupled to the regiete'r file 32 over a plurality



the ALSU 36, they are channel ed over nultiplexers 33, 33", and 34. The ALSU
36 is agaim coupled to a nmultiplexer 37 before the data are stored in a
pluraliity of condition codes and other registers 38 - 38". Note that the
mul ti pisekers in front of the plurality oé state flip-flops function to
preserve the 15 context of a first procéss upon occurrence of a cache

m ss. Wthin oneofahuitiplexers 34, Théeutputpst| (ALSUY 36 iscregistdred avith icbaditipn 0cdsss

wi t hout additional idling, or del a¥. Shoul d the second process encounters
anot her cache ni &% othperegistrre 38 betara i is kansmitted emafesfibusi 4k cycle to
finish executing the first process if the necessary data had been retrieved
fromthe main nmenory. Ot herw se, the 20 processor may begin executing a

third process. It ismdﬁn?mnb plivipids ¢tithé plasbat iAventiohstate ftiigeflepsasts es
who's states are duplicated may easily be saved. A&plyl ng the present
i nvention to % tegquhcdistaie elements ofiaprocesspr issluplicatedviAnBultiplgxerds gaumied to 1%

h ' ti d I { ti 25 t Ity f
cvery cache m sslbafuPlesta BbriREcas shE. Fidlh e Howd lne BosehCRYBERRGAS nunber
of clock cycles ﬁf‘d’lie&?@iﬁé’&ﬂe’cm??rp&nittWoﬂh@%ﬂﬁ%@éor"ﬁ)h@nmple%@ ist - 99(1) =

t he 1 =239.6

-1.01. As such, processor deliver 40/1. MPS. It follows that
t he present i nvecouptad tpex plutadityus eursbarcof iviitereaad taifien 80 - 0. Thecplutaditybfa f ast

processor can deliver. 30 The, present invention i ractjca t he
menory cycl e ti ngfitggeas bulierds itugequplpd o Hyﬁﬂgsédgg'ﬁ'%h%%%z%ﬁﬁ(%@’hathe

I R i b i (et L A

; an/et y of fast the®dStis86 sthepgrdehanasied nedr multiplexqrs 3?. 33", and 34. The
ALSU 36 is again coupled to a multiplexer 37 before the data are stored in a
plurality of condition codes and other registers 38 - 38". Note that the
niultiplexers in front of the plurality of state flip-flops function to preserve the

15 context of a first process upon occurrence of a cache miss. Within one clock
cycle, the pipeline can execute another process without additional idling or
delay. Should the second process encounters another cache miss, the
processor may return within one clock cycle to finish executing the first process
if the necessary data had been retrieved from the main memory. Otherwise, the

20 processor may begin executing a third process. It is understood that a plurality n

number of processes who's states are duplicated may easily be saved.

Applying the present invention to a typical processor that delivers 40
MIPS and assuming a 1% cache miss ratio and one clock cycle per instruction,
25 the penalty for every cache miss shall be as low as one (1) clock cycle. The
average number of clock cyc_les per instruction of the processor wouid be .01(2)
+.99(1) = 1.01. As such, the processor deliver 40/1.01 = 39.6 MIPS. it follows -
that the present invention permits users to harness almost all the speed a fast
processor can deliver.
30
The present invention is practical when the memory cycle time to the .

system exceeds 15 processor cycles. Although the present invention has been



i ncorporate the teachings of the present invention.”  “10-%1.°° In a
processing unit conprising state elenents of a plurality of processes, a

pi peline, an instruction and data bus, cache nenory, and main 5 menmory, a .
met hod for mnimzing the tinme penalty when a cache miss occurs, said 7f: ¥
met hod conprising the steps of: duplicating said state el ements of said Lo
processor unit, said state el enments being each coupled to nmultipl exers,

said nultipl exers being coupled to sai g pipeline of said processor unit; 10 -

storing the co |d st el enepnt s, of .. sai d rocessor it :
suspendi ngd?ﬁﬁggﬁé(ﬂfﬁ? 5?1 egence ?‘? ?&”r&so&?ss' WWS%%PB m%%ﬁqdn'@aﬂga%ﬂ'gufes
occurrence of ,a q S b ins |on t 0. one
of a plur Nahi W’dﬁuﬁvg‘&@z’@y %P#’ *?;ﬁ g? begy oﬁgaes %g ggssorqﬁga)ﬁé eccg}cdl ng
to claim1, process is suspended wi thin
a predeter %@é&#\dj@@%ﬁé g% g?gg’ﬁé%éy“&"{e"sé"g Sai d processor unit, said
context of said first process being stored in said duplicate pair of state
el enents. 20 3. The net hod according to claim2 wherein said execution of
said one of a plurality of processes is switched within a predeterm néd

nunber of instruction cycle upon occurrence of a cache nmiss, said execution
being carried’




ot in said pi pel i ne of sai d processor. 25 4. The net hod according to

~c¢laim3 wherein said execution of said first process shal F—resuneupon the"

occurrence of a next cache miss and upon the retrieval of
for satd first process fromsaid main nenory. - 11 - 5. r‘j‘]ﬁlﬂ@ﬁlﬂﬁ“@(m‘"
according to claim4, wherein upon the occurrence of sai'ds L dache »
mss, if said necessary data for said frrEQ'process has not been

retrieved fromsaid nain nenory, said netgggygﬂ%ther conprising the steps
of: storing the context of said state ele of said processor unit;
suspendi ng the execution of said one of said plurality of processes in said
pi peline; switching the execution of instruction to another one of

said plurality of sgid pwae@@eesémgwit%d?hwm@%taﬁ@iéiga&msh@f & Eur%ﬂ._i?aioﬁ
plurality of said processes being different rom said one of sai

it ' Sy PEAAREASEA RIS, o narIEr 00 chtg wertig by
5 memory, a method for minimizing the time penalty when a cache miss 'occurs_,
said method comprising the steps of: '
duplicating said state elements of said processor unit, éaid state
elements being each coupled to multiplexers, said mu_ltiple_xers being
coupled to said pipeline of said processor unit;
10 storing the context of said state elements of said processor unit;
suspending the execution of a first process in said pipeline upon
occurrence of a cache miss;
switching the execution of instruction to one of a piurality of
processes in said pipeline.
15
2. The method according to claim 1 wherein said execution of said :
first process is suspended within a predetermined number of instruction cycles
| of said processor unit.qsaid context of said first process béing stored in said
W duplicate pair of state elements.
20
3.  The method according to claim 2 wherein said execution of said
one of a plurality of processes is switched within a predetermined number of
~ instruction cycle.upon occurrence of a cache miss, said execution being carried
out in said pipeline of said processor.
25 _ _
4, The method according to claim 3 wherein said execution of said
first process shall resume upon the occurrence of a next cache miss arnd upon

the retrieval of necessary data for said first process from said main memory.



Waccordl ng to claim®6 wherein 'sai d predererm ned ‘nunber L _
i nstruction cycres is one. 8. An apparatus including state .
E’! ”mf'" urality of processes, a pipeline, an instruction and- -dat a f
mmﬁermry, and main menmory, for mnimzing the tine "«-'v‘“
penaf of* as precessor when a cache m ss occurs, conprising: duplicating -
means conprising neans for storing the contents of a plurality of
processes in said pipeline; said duplicating means being fornmed of a .
plurality of state elenments of said proggssor unit; suspending neans. for
hal ti ng. the execution of instruction of a first process in said plpellne
upon the occurrence of a cache m ss; - 12 - switching neans for
swi t ching th. executTis® abkthed ramctcbmlirig otmsazrhifmrar. rmmm:isnl apoai d

Pormed of o ik rreuPesadn P57 ceBia"Const. e Blthy | BF: n§oRans. o
The system awechsSsaryl idatd aifiors shddei fiixatd precess ohas mﬂ:trheenon of
sald first Haeved PR Nggda i fiefioRy, "¥L1d "deidd O?u%ﬁhf of
compr:l.s1ng the steps of:
storing the context of said state elements of
said processor unit;
suspending the execution of said one of said
plurality of processes in said pipeline; , _
‘switching the execution of instruction to _ \J
- another one of said plurality of said processes in said
pipeline, said another one of said plurality of said.
processes beihg different from said one of said
plurality of said processes.

6. The method according to claim 5, wherein said

main memory access time exceeds 15 processor clock
cycles.
7. The method according to claim 6 wherein said

predetermined number of instruction cycles is one.

8. An apparatus including state" elements of a
plurality of processes, a pipeline, an instruction and
data bus, a cache memory, and main wmemory, for
minimizing the time penalty of a processor when a cache
miss occurs, comprising: .

duplicating means comprising means for storing
the contents of a plurality of processes in said
pipeline; said duplicating means being formed of a
plurality of state elements of said processor unit;

suspending means for halting the execution of
instruction of a first process in said pipeline upon the
occurrence of a cache miss; ’
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processor unit. 10. The system as defined in claim9 wherein said
execution of instruction of said one of a plurality of processes—

switched within a predeterm ned nunber of instruction cycle uin occurrence

of a cache miss, said execution being carried out in said pipe myg,!m!l”ﬂ!””,m

processor unit. 11. The system as defined in claim210 wher
execution of instruction of said first process shall resune upon the
occurrence of a next cache ntss and upon the retrieval of necessary data
for said first process fromsaid ﬁBiﬂIﬂﬂﬂ*%L'l?. The system as defi ned
in claim21l wherein upon the occurrence of said next cache mss, if said

necessary data for said fjrst, process has _not heen retrjeved from said naih
menory: said duplicati MPHEENL BRARY £RX ing éé?degfﬁF@IEPbﬁEEts
- of said procesdsorstmidtioni fremsgaidi filjratapsocaspeddi saikdheipedcine dro of
sai d one of sai | yealit ' o] Q§§§§ | L salds pi LNes [
swi tching rreanséi‘se\?m' {J(%:hiangylf‘ﬁ%afe% utglkoﬁ" 0 éé_&,lgééiui’ E@l‘t@ﬁnnﬁa ngeans
being formed of a plurality of multiplexers coupled to -

said duplicating means.

9. The system as defined in claim 8 wherein saia

execution of instruction of said first process is

suspended within one or more instruction cycle of said
W, _ processor unit.

10. The system as defined in claim 9 wherein said
execution of instruction of said one of a plurality of
processes is switched within a predetermine& number of
instruction cycle upon occurrence of a cache miss, said
execution being carried out in said pipeline of said
processor'unit.

11. The system as defined in claim 10 wherein said

execution of instruction of said first process shall

resume upon the occurrence of a next cache miss and upon
_ the retrieval of necessary data for said first process
) from said main memory.

12. | The system as defined in claim 11 wherein upon
the occurrence of said next cache miss, if said
necessary data for said first process has not been
retrieved from said main memory:

said duplicating means storing the context of
said state elements of said processor unit;

said suspending means suspending the execution

. of said one of said plurality of said processes in said

pipeline;

said switching means switching the execution: of



her one of said plurality of ‘sdid prdcésses’in ‘said
sai d anot her one. of said plurality of said processes bei-ng

g ﬂlﬂﬂﬂﬂﬂ"lﬂﬂﬂﬂlﬂlﬂl one of said plurality of said processes. 13.  The
n claim12 wherein sai d processor unit executes an

|nstruct|on cyc e*within twenty (20) nano seconds. 14. The system as
defined in claim13 wherein said predeterm ned nunber of instruction cycles
is one. 15, A processing unit conpr|5|ng a state elenents of a
plurality of processes, a pipeline, n# struction and data bus, cache.
menory, and main nmenory, a nethod for imzing the tinme penalty when a
cache m ss occurs, substantlally as hereinbefore described with reference

to the acconpagwyy ﬁ‘""'t'wsan&@her orfd ofp@kfﬁi Uﬁl\ﬁ:‘ﬂik'ﬂ?‘ e shike

el ement s of ality of processes, a pl? I ne; .an 1 ns ructlon and'data
bus, a camcmﬁy in' said pipeliniay ysaid,anather . PRg (9% -

penal ty of apmﬁsﬁﬁﬁﬁr o\theéhiadcme@s%% A&itiG, difFerent aﬂ'dmaiald

her ei nbef ore deSC£|sggdm$iuraf£€rengesggdtggoggggnganylng dr awi ngs.

13. The system as defined in claim 12 wherein .said
processor unit executes an instruction cycle within
twenty (20) nano seconds.

14. The system as defined in claim 13 wherein said _'\)
predetermined number of instruction cycles is one.

15. - A processing unit comprising a state elements of
a plurality of processes, a pipeline, an instruction and
data bus, cache memory,'and'main memory, a method for
minimizihg the time penalty when a cache miss occurs,
substantially as hereinbefore described with reference
to the accompanying drawings.

i6. An apparatus including state elements of a
plurality of processes, a pipeline, an instruction and
data bus, a cache memory, and main memory, for \J

minimizing the time penalty of a processor when a cache
miss occurs, substantially as hereinbefore described
with reference to the accompanying drawings.




