LOAD/ LOAD DETECTI ON AND REORDER METHOD  Field of the Invention T’M@i
invention relates generally to the field of conputer processors, and.note -7- 7
particularly, to processors which are integrated on a single mcroptdééssor

chip. Still nore particularly, the invention relates to detection and
correction of data coherency problens inherent in out of order processing,
especially in a multiple CPU system Background of the Invention

Provi ding ever faster mcroprocessors is one of the major goals of current
processor design. Many different techni ques have been enpl oyed to inprove
processor perfor gﬁl@'& | I 'F'_Wli es processor
performance is tﬂlg@ﬁ\?él'gé%cgc e ﬁ@%%%@%ﬁ%% n,étéache menory refers
to a set of nmenory |ocations which are formed on the m croprocessor itself,

and consequent|y, haﬁ a nuch faster access tinme than other types of nenory,
such as MMMMk, which are located separately fromthe

m cr opr ocessor | ; ' | I it
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this case, the syst'em needs to ensure that at a ng requested is
coherent, th@PUsystemid for the processor at that time. Another problem
exi sts when the data is stored in the cache of one processor, and another
processor is requesting the sanme infornmation.

Background of the Invention

Providing ever faster microprocessors is one of the major goals of current
processor design. Many different techniques have been employed to improve
processor performance. One technique which greatly improves processor
performance is the use of cache memory. As used herein, cache memory refers
to a set of memory locations which are formed on the microprocessor itself, and
consequently, has a much faster access time than other types of memory, such as
RAM or magnetic disk, which are located separately from the microprocessor chip.
By storing a copy of frequently used data in the cache, the processor is able to
access the cache when it needs this data, rather than having to go “off chip” to
obtain the information, greatly enhancing the processor’s performance.

However, certain problems are associated with cache memory. In particular, a
great problem exists when multiple processors are employed in a system and need
the same data. In this case, the system needs to ensure that the data being
requested is coherent, that is valid for the processor at that time. Another problem
exists when the data is stored in the cache of one processor, and another

processor is requesting the same information.



2 Super scal ar processors achi eve performance advant ages over
conventional scal ar processors because they allow instructions to execute

out of programorder. In this way, one slow executing instruction will not
hol d up subsequent instructions which could execute using other resources
on the processor while the stalled i nstriuction is pendi ng. In a typical

architecture, when an instruction requires a piece of data, the processor
goes first to tge onboard cache to see if the data is present in the
onboard cache. RIATHEecesPEs aabievs perfatmanes adyaniages beerceariventiamal be

cache banks, TR AeRee 6 Cehase e PR Fbiahgle Pr it RCLRPROcR A ne

ot her cache Indhis waylodetshem elieciiting iastenctiddvit #eeRold up dubsegoaht iMstrediohs
cache bank 14R. ﬁnd F1{@0 cag(:he has_an internal input port (not shown) to

whi ch addr esYNCRFCOHIGISSHIGHSIES OHigi depeiyaes pnitke prrressonwhileghelstaliése dat a
for address iﬁétrﬂlc?(ioﬁtigpéﬂdiﬂ _cache line 110 in cache bank 130, and the data
for address A2 is stored oh cache line 120 in cache bank 140. Cache 100 has

two external pdnadypgical drdnitactute; wheparntindtiictiondeqairdés 4 Pbce of dzagh@er equest
1 shows a cache reguestajcir 38 i nstruction 1 (nqt shown), and R_ecluest 2
shows a cacH¥OFERRPLHA0eEIstindhe QrPoaid cachedp serdlihe datads presentin thei s an

ol der instr ugibicdid chaRe. SdrhECakbRBs RavaRad bR@rhdl p%h%rkﬁﬁi B SxaritgHpLefore

instruction 2. If a sug_erscal ar processor has multiple Toad units, stch as
in the Poweriptgrieared.plbisapeans thabfor BxaGptepiarfdGi. dna cAcke i100 KBX. twd dehebot h

I nstructions | ¢t cache r est at e sa tine. In the exanple
shown, bot h T3 rﬁéqlggﬁ 1§0a§)(cflei ??éﬁgt}qutko(ﬁ’ulé EFéohﬁ%ﬁﬂgfeﬁ'@eT gng ke ethelat a
at address Adacherishrikaveuld When bé #6k &aGhaddress@st s to cache 100 to do so.

Si nce bank 130 only has one internal inpua380rt, bot h cache requests cannot

be processed athteK@lly.aach¢aahe banksi 4Gandid30 sache has eerintesnal thpud portenof
cache 100.  shown) to which address information of a cache request is made. In FIG. 1, the

data for address A1 is stored on cache line 110 in cache bank 130, and the data
for address A2 is stored on cache line 120 in cache bank 140. Cache 100 has two
external ports for input data, port 180 and port 190.

Cache request 1 shows a cache request for an instruction 1 (not shown), and
Request 2 shows a cache request for insfruction 2 (not shown). Instruction 1 is an
older instruction than instruction 2, meaning it should be executed before instruction
2. If a superscalar processor has multiple load units, such as in the PowerPC™
processor from IBM Corporation, Austin, TX., then both instructions could make a
cache request at the same time. In the example shown, both instruction 2 and
instruction 1 are attempting to access data at address A1, and have submitted
cache requests to cache 100 to do so.

Since bank 130 only has one internal input port, both cache requests cannot be
processed at the same time. This is due to the interleaved nature of cache 100.

FIG. 2 shows what happens when cache request 2 accesses cache bank 130



FIG 2 shows what happens when cache request 2 accesses cache bank 130

3 before cache request 1. Cache request 2 hits in cache bank 130 for the
data it needs. However, cache request 1 cannot access cache bank 130 until
at |least the next cycle. Thus, newer in%lruction 2 can get the data it
needs before older instruction 1 can. Newer instruction 2 can conplete
before older instruction 1 in this case because of this port allocation
conflict. The sane ordering problem can occur when an ol der instruction
m sses in tRefeRgrchegrauestievéachameaquest 2 bits in cacherbankst3Wtardhe dateit t he
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data can be '8RitYsliPN{Camn Nawer instrugipndran sgnndgteibefore oldercinstiectionskini t h
an older in ' ] I k. by a newer instruction, both
attenpting ?h&al%tgggiséctgﬁéeé ggﬁnﬁ; Q%?gf'&%g‘rg%% h'rCP'V\hen the real address of the

data i s repres&hesdneyorderingiptétste mndareddoes When @ddides peguctifiemidses in the
effective addrﬁss rtﬁguested by the newer instruction and its data are
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bei ng "snooped” is being requested by another processor, a ot her
processors dRYHcoRmadling fe8 itwhet her t he address bei ng sought resides in

their own cachg .dchelrhiss ith' dioldBt MG rollakad by a cache hit by a newer

instruction, both attempting to access the same data, can occur when the real
address of the data is represented by two different effective addresses. When the
effective address requested by the newer instruction and its data are already
accessible by the memory mangement unit and the cache, and where the older
instruction address and data is not accessible in the memory management unit and
the cache, this also leads to a situation where a newer instruction accessing the
same data as an older instruction can complete before the older insruction.

In multi-processor systems, a cache miss in one processor may trigger a
“snoop” request to the other processors in the system. This snoop request
indicates to the other processors that the data being “snooped” is being requested
by another processor, and the other processors should determine whether the
address being sought resides in their own cache. If it is, the main memory data
should be made coherent, that is updated to reflect the correct current state of the

system state.



shoul d be nade coherent, that is updated to reflect the correct current
state of the system state. 4
In terns of superscalar architecture, this problemis conmpounded by the
fact that any | oads may be finished out of order, or in other words, a
newer instruction may be marked for congletion before an ol der one. That

I's, a newer instruction nay be marked as set to execute before an ol der one
is. Thus, two load instructions may address the sanme cache | ocation, and
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out of orderthatcersi lbbys taansba dinfshlesicoud aff ardey, dreinwilest words h@ newepiretivetionf
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t f the addre h . mpdi fied. W ce h
tor | nst r BYPRSTRSAN SA0RGAd RTECton eFaiPcRaf RAtuchon T @einanest dla
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the sane line, the nodified bit is sét to indicate adﬁossmle nmodi fication.

Any subsequent Previgusgalutipnsdorthiseoahesengyproblem icludedne one detiled inrd.S.es.
G e ST AR MRSy Rehe, e, o Queve and marieed ol '™
pendi ng and anddystem, fot Bypassiag igalleadiStore URR of aBlprssitarPcesssre! iadhignd
re-execut ed sg{uttigrrh yl‘.%ad Queue held a page index and a real address along with a an ID
and a valid bit. The ID indicated the program order of the load instruction.
In addition to the aforementioned entries, the Load Queue entry also held a
modified field which indicates whether the cache line entry for the address has
been modified. When a cache access, such as a store instruction or a snoop
request, indicates that the cache line may have been modified, the Load Queue is
searched. If it contains an entry for the same line, the modified bit is set to indicate
a possible modification.
Any subsequent load would perform a comparison of the Load Queue entries.
If the same line is pending in the Load Queue and marked as modified, the 1D field
is checked. If the current line is older than that which was pending and modified,
the pending loads in the Load Queue are canceled and re-executed after the
subsequent load. This avoids the problem of having the older load get newer data

than the newer load.



'subsequent | oad. This avoids the problem of having the ol der | oad get newer

data than the newer | oad. 5
Summary of the Invention This invention provides a novel neans to
elimnate the | oad queue and only cancel_the instruction that may have
finished with the wong data. The i nvention provi des a m s-queue table

to hold any rejected attenpts to access the cache, or any other reason that
an instructign cannot be COEE_I et ed. In the preferred enbodi nent, all

i nstructi onsS Nentry in the ms- queue table. If the data
for the instruegti LS C nd avail abl.e he, instruction entry in
the m s-queue @leqgvérzlc%n;k?{égﬁgg{% Igtﬁle?%e%sgo ?Hlﬁ'édtf’érb? loa e LAY does

this after semmcehthegnstnectishshateag Haebfitishet vagsieblRdng diRai Ng probl ens.
The instructiOﬁ_@i s then marked for conpletion by the sequencing unit of the
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newer and ol der 1T nstructi’ons access
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to cdonplete, the i Bétrﬁﬁ]tign entry created in the m s-queue table stays in
the ms- quetHEUeHBPE- Jhthe datados theripstryction is i thesmghe andavailable, thenen t he

i nstructi on jh&tri : . .S [ ' ercache,
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then del et edorbcessor luoesithis adten seamhing the midhgreuertablesfor possible draefiegdy to
conplete, the 3%%%' t ed ent.r\éé.é del et ed {&Eomthe m s-queue table. A

search is mad8 epstrygtio warkgd o copRiction Ry thessaauencisg unitofi es
i nvol ving t e g6 RYFN ATy theldAE Yol tRESaLRST T uction entry is found with
the sane address as the conpleting entry, the previous instruction

An ordering problem occurs when an older instruction is completed after a
newer instruction, and the newer and older instructions access data at the same
address.

If the data for the instruction is not available in the cache, or otherwise unable to
complete, the instruction entry created in the mis-queue table stays in the mis-
queue table until the instruction is ready to complete. When the instruction is ready
to complete, such as when data is ready in the cache, the instruction is then
marked for completion. The instruction entry is then deleted from the mis-queue
table.

When an instruction is ready to complete, the associated entry is deleted from
the mis-queue table. A search is made of the mis-queue table for any previous
instruction entries involving the same address. If any previous instruction entry is
found with the same address as the completing entry, the previous instruction
entries are marked as being out of order, since they have not completed yet. As
noted before, this can happen, for example, when the instructions have aliased the

same data address, and the older instructions have not been notified by the cache



entries are marked as being out of order, since they have not conpl eted
yet. As noted before, this can happen, for exanple, when the instructions
have aliased the sane data address, and the ol der instructions have not
been notified by the cache 6 6
that the data is ready for use. It should be noted that whether al
I nstructions create entries in the ms-queue table, and instruction entries
ready to conplete are pulled out on the next cycle, or whether only
rej ect ed inggﬁﬁﬁﬁﬁ@ﬂgl%ﬁﬁﬁW€oéﬁ$¢ies in the ms-queue table, the functiona

mat ruct  ons. t R CMSHE BbEY b ifelaf i BTEHG s GRTbhuEs i e ARRANLE .. °
and only i nstable; tandingtnictios £naiEsready tslcomplete ians pullsd douten theaiext eyele! or

conplete imrediately remain in it, This elinmnates, the need to have a
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wait for data. resent ruction I's conp

tpe dat a ihs mlstmdnmd\salgaﬂorilﬂnplbtweirr]\ﬂnédihwy do ﬁolnetayihia{lwmi@qum eatgf),rarad omlych.
If a match is present, .the matching entries in the ms-queye table are

mar ked as Ou{nsg\uct&noqgﬁqleqﬁg{e$gqnd§\%@\,@$trqq|§p§ thatidon elegmymediaielym an
address has ReRRin$eit for conpletion earlier than an older instruction to
the sane address, then the older instruction is conpleted out of order, and
its entry in theiselsnipatasehe aleled to have @ ibed maeke dinee alyrksent instFuatiohsare
when the cachg refurns valid datg for an instruction having.an entry.in the
o quede. + aBRErsETIRRRYAlE and:Seta bE Bt SAVE G SutSRHRNG S PSR B | o
set for conphfid-y0sue AbM 8 Walt fseddtgh is made in the m s-queue table for

ol der instruction entries corresponding to instructions accessing data at

t hat address tHha presest instrugtion ismeopigleted, thef addrgssraf theedatarie checked agaipst

mat ching ol dﬁ{e &ﬂﬁéé ﬁsthyrlﬂls-qtﬁeeue table for a match. If a match is present, the matching
entries in the mis-queue table are marked as out of order. That is, a newer
instruction accessing data from an address has been set for completion earlier
than an older instruction to the same address, then the older instruction is
completed out of order, and its entry in the mis-queue table should be marked as
such.

Further, when the cache returns valid data for an instruction having an entry in
the mis-queue table for awhile, the instruction corresponding to that entry is set for
completion. A similar search is made in the mis-queue table for older instruction
entries corresponding to instructions accessing data at that address that have not
yet completed. If any matches are found, any matching older entries will be
marked as out of order.

If a data coherency altering event happens, such as a snoop request, the mis-
queue table is interrogated. Any entry with the same address of the data

coherency altering event is marked as modified.



mar ked as out of order. |f a data coherency altering event happens,
such as a snoop request, the ms- queue table is interrogated. Any entry
with the sane address of the data coherency altering event is marked as
nodi fi ed. 7 When an
instruction entry is released fromthe ms-queue table, the instruction is
conpl eted. The processor then determnes if certain events have occurred.
If an instruction entry in the m s-queue table indicates that the

i nstruction coYWhenmmigsingetion ertat is ¢aleased frobuthe wistquduectable, theninstrodiién ed,

i g h _af h f ord d
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a super scal @anpeledemglae-exec@ed) this srebemitly ditawohsrericya | oad circuit in a
superscal ar processor. FIG5 is a diagramof a m s-queue table according to
the preferred enbodi nent of the invention. FIG 6 is a diagramof an entry
in ms-queu oW I: s. FIGS 7 - 10 di agram how an

enbodi nent %r?e??ee%gﬁagcg l?ﬂﬁh&g@ﬁ?“lﬁéléjdet ects out of order instruction

conpl eti on. FIGGY.is & Hiagram dflah iteripavedivacheshowing twe instruttioleattemepting om
wor ks.

access the same data on one of the cache banks.

FIG.2 is a diagram of a newer instruction accessing the data prior to an older
instruction in the cache of FIG. 1, and how an out of order completion may occur.
FIG. 3 is a block diagram of a superscalar processor.

FIG. 4 is a block diagram of a load circuit in a superscalar processor.

FIG 5 is a diagram of a mis-queue table according to the preferred embodiment of
the invention.

FIG. 6 is a diagram of an entry in mis-queue table showing the fields.

FIGS 7 - 10 diagram how an embodiment of the present invention detects out of
order instruction completion.

FIGS. 11a - 11d diagram how an embodiment of the invention works.

Detailed Description of the Invention

FIG. 3 is a block diagram of a processor system 10 for processing information
in accordance with the present invention. In the preferred embodiment, processor
10 is a single integrated circuit superscalar microprocessor, such as the
PowerPC™ processor from IBM Corporation, Austin, TX. Accordingly, as

discussed further hereinbelow, processor 10 includes various units, registers,



Det ai | ed Description of the Invention FIG 3 is a block diagramof a
processor system 10 for processing information in accordance with the
present invention. In the preferred enbodi nent, processor 10 is a single
integrated circuit superscalar m croprocgssor, such as the PowerPC err]
processor from | BM Corporation, Austin, 9X. Accordingly, as discussed
further hereinbel ow, processor 10 includes various units, registers,

8 buffers, nenories, and other sections, all of which are formed by
i ntegrated cPHE®S: Memotiess and pthersestions allad vhidfoaienfonmedhyiotegsated10
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i nf ormati on between pLocessor 10 and system bus 11. BIU 12 i s connected

to an instruYSem RUhbisieenaseteddoaa bus iatartasecinits ‘B p A e psosessor 10. BIU.
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sel ectivel y outBilk 2 ismzinnecteiddosartinsteddtion c2she Ui 1t © 4 ddtd éache 1®@ppcessor
10. I n addi tion fﬂcj) 'ie@uencer nit 18 which includes execution units of
a di spatch uRl9¢€38%Ta SEUcHANEachs Tneutputs instriiatieas e arseauercemTid] Sve it

t he executi Ofagp \ h afe td LN units,
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unit B (" FXUselpctively eutputspihstrudtioretb pihienexecution(iCalty of ptocessoraad/ st or e
uni t ("LSU') 2§ agg.t.a floating point unit ("FPU') 30. FXUA 22, FXUB 24,
CFXU 26 and LsUM289[1RP 9 SeRsTIEEL K 48 Wieh inclsdestexeruiobynis of gispatak unit
pur pose ar chié @ty édmpRa (i ¢ i bWt -
buffers 34. Moreover, -Xugﬁtzlgi’tggamgﬁ%%r%fg igﬁﬁbﬁdﬁc@ﬁﬂ}é)g’%‘%ﬂﬂ? ﬁc%?rn%.g'trc\,{aorfry
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gg?i I-:f[ ggt Lﬁ??@@ﬁmpg (PR gr}?xegfpotln nft E?PES(?}Q?EE Ia%%msp}lgxr fixkd Sgint
unit ("CFXU") 26, a load/store unit (“LSU”) 28 and a floating point unit (“FPU") 30.
FXUA 22, FXUB 24, CFXU 26 and LSU 28 input their source operand information
from general purpose architectural registers (“GPRs”) 32 and a fixed point rename
buffers 34. Moreover, FXUA 22 and FXUB 24 input a “carry bit” from a carry bit
(“CA”) register 42. FXUA 22, FXUB 24, CFXU 26 and LSU 28 output restilts
(destination operand information) of their operations for storage at selected entries
in fixed point rename buffers 34. Also, CFXU 26 inputs and outputs source
operand information and destination operand information to and from special
purpose registers (“SPRs”) 40.

FPU 30 inputs its source operand information from floating point architectural
registers (‘FPRs”) 26 and floating point rename buffers 38. FPU 30 outputs results
(destination operand information) of its operation for storage at selected entries in
floating point rename buffers 38.

Sequencer unit 18 inputs and outputs information to and from GPRs 32 and



in fixed point renane buffers 34. Al so, CFXU 26 inputs and outputs source
operand information and destination operand information to and from speci al
pur pose registers ("SPRs") 40. FPU 30 inputs its source operand
information fromfloating point architectural registers ("FPRs") 26 and

fl oating point rename buffers 38. FPU 307 outputs results (destination
operand information) of its operation for storage at selected entries in
floating point renane buffers 38. Sequencer unit 18 inputs and outputs
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i nstructi onssigiils, BraiAah Bnit 200kPLLS (ot seéfleALEMUHIB1 ) Syrfdiinanasng %01;%@8)

signals indicating suitable nmenory addresses stqung“a sequence o
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i nput fromi L i ' ,Spat ches
through o di SEPu (RHAEI0 2 end BRER B ush SR Ky s RUSRE LT on
units 20, 22menvory 38, cotBedted t8Gysfedt busiacution unit executes one or nore
I nstructions of a-particular, class of instructions. For exanple, FXUA 22

and. FXUB 24 exd&t(RSPoase e Hie ippladcfiops inputdrprp istuchen racha | batewisare ¥hs on
CEM b et SRRk 10y WLRELA O 40 B iGN 268 1o
oper ands, suariesasf éxecatiomunits 20022,i24, 26228 @andBd dach sxenutiofBbit 2Reeutesut es
fPating POl Mo BPGica jREFeRons S BSrtRbRr AR ortitficiSnd. P! L8R Bkua
22 and FXUB 24 execute a first class of fixed point mathematical operations on
source operands, such as addition, subtraction, ANDing, Oring and XORing.
CFXU 26 executes a second class of fixed point operations on source operands,
such as fixed point multiplication and division. FPU 30 executes floating point
operations on source operands, such as floating point multiplication and division.
Processor 10 achieves high performance by processing multiple instructions
simultaneously at various ones of execution units 20, 22, 24, 26, 28 and 30.
Accordingly, each instruction is processed as a sequence of stages, each being
executable in parallel with stages of other instructions. Such a technique is called
“pipelining”. In a significant aspect of the preferred embodiment, an instruction is
normally processed at six stages, namely fetch, decode, dispatch, execute,
completion and writeback.
In the preferred embodiment, each instruction requires one machine cycle to

complete each of the stages of instruction processing. Nevertheless, some



Processor 10 achi eves high performance by processing nultiple instructions
si mul taneously at various ones of execution units 20, 22, 24, 26, 28 and
30. Accordingly, each instruction is processed as a sequence of stages,
each being executable in parallel with sﬁ ges of other instructions. Such a
technique is called "pipelining”". In a significant aspect of the preferred
enbodi nent, an instruction is normally processed at six stages, nanely

fetch, decode, dispatch, execute, conpletion and witeback. In the
preferred enhSHUGIGNS (edhctpmplek fed poimt instfuctiens easutathby GEXLY 26p may

conpl ete eac t |.ns ' I I ng.. Nevert hel ess. sone
10 nat rctichire HrehANERe Ryold"oAGAlitingl, B AFEDR, v, B el b Bl
26) may requparticular instrnetiorog exegution . anfcesmpletieh Yiages itfdspbhse Bethdyvdrition
occur between a gartl,cul ar instruction's execution and conpletion stages in
response to PHENGEequliedRr campietion i pieeeding tstreelignset i on of precedi ng

instructions. |y ddhdrRSROASS Qn&ﬁ%@gf Iégﬁé%%ﬁﬁ;ﬁ;%ﬁmd@%ugﬁ fﬂ.o'?ﬁ)'ﬂ;afaeg?cgbe .

informati on from data cache ion to's
of renane bulfend cdpiesmlicRdnformhatiorcto selbctedairiesnfirenaiat fffer<d4 iandBg. alf

cache 16, then_ data cache 16 inputs (through BIU 12 and system bus 11) such
i nf or mati on ?‘H%}#PEWE&@PBH P@trﬁ;f’{})adég %ﬁ@@?eeast@egﬁf%ﬁ?‘l‘:%&(ilﬂp%ﬁtéw,

data cache 1B 9 2aHHdEsysferl BHLBUY ) cLEN RS AloH ﬁ@maeg%s%é(rﬁt:ﬁ%%‘f 38 onpected

i nformati on from data ‘cache 16 to system nmenory 39 ‘connect 0 system bus
11. Ref er td sigterobusdl 151 Ioreqver data cashe H6\is ablesto loastymiti(throligtg BHin1 2 and

accor di ng e ETOB RRPrBRCRh G el s4He TR ORI S oD Gapaeciag:
204 whi ch coty systemttie 1ciontrol logic required to physically access the

cache 206. Cache 206 has an output port connected to, in this case, a
64-bit data |i fiRefeHingnqyaie EIG dhtthererisshows aceateenatadiagam tibstratingrat t er

210 to be pr &F&ﬁlsl%ijprdéesginﬁ it tibits, ' lich 18 acf%%rc],eaccording to an embodiment of
the invention. An address to the data unit 204 which contains the control logic
required to physically access the cache 206. Cache 206 has an output port
connected to, in this case, a 64-bit data line which passes data from the cache 206
into the Formatter 210 to be processed, if the data is in the cache.

In one embodiment of the invention, each time an instruction is dispatched an
entry in a mis-queue table 600 is created. If the instruction hits in the data cache,
then on the following cycle the entry for that instruction is removed from the mis-
queue table 600. However, if the instruction misses in the data cache, then its real
address, and possibly its effective address, and other information remains in mis-
queue table 600. The processor continually scans the address information in the
entries in the mis-queue table, and each cycle the processor attempts to access
the cache at the effective address stored in mis-queue table 600. Eventually, the
data becomes available in the cache for each of the entries in the mis-queue table

600 and is passed onto the formatter to be processed.



I n one enbodi nent of the invention, each time an instruction is dispatched
an entry in a ms-queue table 600 is created. If the instruction hits in
the data cache, then on the followi ng cycle the entry for that instruction
is removed fromthe m s- queue table 600. However, if the instruction

m sses in the data cache, then its real hbdress, and possibly its effective
address, and other information remains in ms- queue table 600. The
processor cont@g&ghky scans, the address information in the entries in the

n s- queue tabl & ke ppted, that inslead phaecassingthe saphe thrgugh taseffedfivecache
at the effectd F S ' ) So v, e
dat a beconegé%%&gis%g%l el Hﬁ%ﬁésg\é%hrhe@%?gtb%% Es%r?%rﬁ%ﬁ%ﬁ?trtﬁe{&%ﬁéﬁé'ecaéﬂé

m s- queue t alik @ reeDaddress stqred gethecsdobet HiesHoutdrbe neted thabthipisacemtted of

It should be noted,, that instead of accessing the cache through the
effective adm‘gg@?h?i‘oﬂx%m%aﬂ%ﬂ”%%f\;%‘:'tﬂae RVERI eS8 0r can attenpt to

access the cachnverat SRala BUAES 1R H Sidskt |PRIGRA Mepd ot Higitybehe ot ed

that this is a matter of inplenentation, and does not affect overal |
i nvention. plaggewvsis-qieusstable 600 fonthe edrrenbinventionetoemerki ridter presemntn need

not initiall. | aced, | 1 S- queue, tabl.e 600 for rent i.nvention to
work. The pr'éggﬁ(ft%ﬂ%eteldu%rﬂ}' Eﬁ rﬁa'éa&eﬂtrﬂ‘ﬁn Blae %ﬁﬂgggﬁ&%ﬁe féﬁbtvﬁ@%f%f- queue
table 600 whghateleF reddahettepreSananstridien RafAcibe s&BbIdsAipler ikREdhtdpg Set
to conplete i medi ate after it is initially introduced by the sequencing

. 0 . . -| . . .
unit. | n a&ffey lb'ﬁéﬂ"@@'t;dﬂtr@ﬁlﬂﬁﬁﬂ betite saquencingtunin entries are stored in

order in ms- . ' i s, di ra [ E re the
i nstruction geﬂﬁﬁ%ﬁ?ﬁ%?%&t"ﬁﬂhﬁ%k}sffycﬁ‘%be’iq@gﬁﬁp%ﬁi?%d ﬁh%ry;ﬁaﬁnbsﬁ t han
t he instructgqusuegtabky 800.nThisns diageamed ie FIG Y5 Adiferetthe nstridstior gehératiggt r y
410 is stored hi qher in the m s-gueue table 600 than instruction 420.

However, it IBRBUFIPNENYA Khistatuelder instragtiandban dhe iNstEAQT genaratng and
;)Ldﬁ(r)i gg r 't im; iﬁFggét@ggeer}th, Yhrid PeRUSIIN ShtRP4 TS RTRGrddhigiG iR nfikiGHELd aP! e
table 600 than instruction 420. However, it should be noted that with appropriate
identification and ordering information, instructions could be stored in the mis-
queue table in no particular order. |
An entry in the mis-queue table is represented in FIG. 6. The minimal
information necessary for the invention is an address information field 510, an out
of order information field 520, and a modified data information field 530. The
address information can also have subfields, including real address information
540, and effective address information 550. The mis-queue table entry may also
have other information associated with it, such as a valid field 560, and an
instruction id field 570, which could be used as ordering information.
In another embodiment, the entries in the mis-queue table are stored out of
order in the mis-queue table. The valid field 560 in FIG. 6 indicates whether the
mis-queue table entry is indeed still in the mis-queue table 600. A new entry is

created in the first mis-queue table line not having the valid field 560 set. Ordering



An entry in the ms-queue table is represented in FIG 6. The m ni nmal

I nformati on necessary for the invention is an address information field
510, an out of order information field 520, and a nodified data infornmation
field 530. The address information can also have subfields, including real
address information 540, and effective address information 550. The

m s-queue table entry may al so have other information associated with it,
such as a valid field 560, and an instruction id field 570, which could be
used as or dddforgation i preseed with the useoefisstructivndd fieltt 57G.he entries in the

1 S- t abl : f ; LNt m s- que table.. Th alid
i ol d 560 i n b AEAHETIELY, RneRLAShulion &5 Rbs¥r i Beyras D Kiced
still in thenitially presestetady tﬁ_e@ﬁﬁces%oﬁ.%tﬁ@?féﬁefrédCern%’é(ﬁﬁeinﬂ déntry 650 is
m s-queue table line not having the valid tfield 560 set. O'dering

12 i nf or né& £@§difer pewdrstiucioRi&0n in tee next aymilablesialdn thenmisdquews thbi 0.
Tur ni 7 ' ' : i { ad D i
o Aty o0, I ewins ol 0bedbbl U infriCaRfr IR BB fhedie hediust 1)

610 is createntridsoB20\680, antiBAl inanis&fifeuertablees0tRAgaiAstaidvisgruslion sbo. t he

m s- queue t%{@ﬁc?aﬁ. tbf new i nstruction 800 conpletes imediately, the
processor c Gy t9p Address: of the f@m',nstse@isolhf% waheckedpgamgtthe address 600
agai nst newijhfephatsh ! . bkl cal L, r f

i nstruction 800 i s%?gglﬁgﬂ%ﬁﬁ@gﬁ%i@ rha%dqdeeg% t?ﬁ%omto?gné@ﬁBg%ﬁl%l | ol der
entries in radsgregseuBy dafiito0dll éndries comtainedab Insis apieue sbleBOOd@UENI ti on, al |

entries contained-in,ms-queue tabl 600 nust corr ond to ol der
i nstruct i onSOfESRONE TP Pﬁi’&?ﬂ?@fw BN new INstruelian g&ﬁe noted that if new

i nstruction 80f skl G&te@thatienBF ibstrlctibR 80D LdmiplBfd d(y}ffr':‘lr?e ﬁf@ﬁ%?ém I

shoul d al so be noted that entry 610 need not be create
oper and add@d§swenldbedelatad: Ut sheid a0 konotedibatertnketd aged nst belveeatddr ess

mstruct i on "BOEeE” T Spbird A St nv iretofon B0 SBidtbe suPEeshe ry 610
be against the address information in the entries in mis-queue table 600, and only if
new instruction 800 does not complete with the next clock cycle would entry 610 be
created for it.

In an alternative embodiment, entry 610 would not be deleted, but would have
the valid field set to indicate it was no longer a valid mis-queue table entry. A
newer entry could then use this line in mis-queue table 600.

Suppose the data for new instruction 800 is present in the cache. Then, new
instruction 800 is set for completion with the data found for it in the cache. The
address that new instruction 800 is supposed to use is then compared against
address information 510 in all older entries in the mis-queue table 600. If any
matches to the new instruction 800's address are comparable to an address
information field 510 in any entry corresponding to an earlier instruction in mis-
queue table 600, those matching entries are marked as out of order. Out of order

means that a newer instruction has been marked for completion that uses the data



created for it. In an alternative enbodi nent, entry 610 woul d not be

del eted, but would have the valid field set to indicate it was no | onger a

valid m s-queue table entry. A newer entry could then use this line in

m s- queue tabl e 600. Suppose the data ifior new instruction 800 is present
in the cache. Then, new instruction 800 is set for conpletion with the data
found for it in the cache. The address that new instruction 800 is supposed

to use is thﬁn cogare&@?gal nst .address information 510 in all ol der
entries in tREMRL Aleerdogiruction il inifiecmissauene iabledsalsadeuget i on

800" s addre%u@afeoreemaa%@bqspee@fb Ak 8RBl TSR Bpydyd €1 d 510 in any

entry corresponding to an earlier 1nstruct ms- queue table 600,
t hose mat chi ngF&at 8 shewathe mis- QBdJeaﬁabdnJGO(mbfter ietruction 880 has demplated ont hat

df h he dat
TaSt i bt PeCorEyels BRI fstioten BRIy 60 Pes Beep asiked n ot abl .
is also to Ltﬁ@er @&lhg olit @f&%@r f‘él@'5?05gﬁ)\cgﬁteﬁ‘a%erg)ttc;&{r’gﬂéﬂéd%oqf‘%(yeégagﬁha of

order. FI G shows the m s-queue ta I nstruction
conpl et ed orﬁttthesametmenmrklmbbaashﬂetnansﬂnmtlonrﬂﬁﬂ uction entry 620 has been

ked t pf order. field 520 t h t
conp! et od and MinettEEkubBEhEhas & wel chitee Hakoi g bederan henisgatne mis-
i nstructi on @R%e tablelds 6m?hﬁalv»}iu fy?néiﬂ%é}é%nhpn “ah Tcoﬁ{bk%t@%é@ﬁ@w?mﬁ?m the

cache, it enters the ms- ‘queue table as entry 610 and remal n ther
until it carflGe9pIfdGef also 8 that sevezal gtherinsirusticn entries baxe bean asidedrtal

ot her instr | en, added.to t S-g a 600 n the
interim At L{été)nngglcgj%é tsﬁﬁeﬁmﬂ@“%@f%{"ﬁagﬁéoms af%é’”&%ﬁg iﬁj(j‘a? *X)
entry 610, litta neddyrior aeivents 610, iR Aot Hatshind ety B30T Thlis %ﬁ%tﬂ&aﬁon

conpl et ed. Whien new i nstruction 800 is conpleted, the processor scans

the entries §90 hascompletetue t abl e whi ch correspond to instructions ol der

than instructi Whé’}pﬁ ﬁekglﬁ.\chén 8bb ;se£'6rth?e&‘*%R¥ BroE¥ss6oOMIAE FHdYin RS-

The processor searc Ier entr
mis-queue table which correspond to instructions older than instruction 800, that is

all entries above corresponding entry 610. The processor searches earlier entries
for an address comparable to new instruction entry address field 650. If an older
instruction entry going to the same address as found in new instruction entry 610,
the older instruction entry is marked as out of order, as shown in FIG. 10.

When new instruction 800 is completed, its entry in mis-queue 600 is deleted.
In the preferred embodiment all others entries move up, thus preserving the timing
order of the table as shown in FIGS. 9 and 10.

If at any time the data changes for an instruction, the entry must indicate this.
Thus, if a snoop, or other indication of data change, occurs while an instruction
entry is in mis-queue table 600, modified indicator 530 of the corresponding
instruction entry will be set to indicate a potential problem. The processor scans
the entries and marks each entry that has an address that indicates the same

address on a data change as being modified.



for an address conparable to new instruction entry address field 650. If an
ol der instruction entry going to the sane address as found in new

i nstruction entry 610, the older instruction entry is marked as out of
order, as shown in FIG 10. When new jgnstruction 800 is conpleted, its
entry in ms-queue 600 is deleted. In the preferred enbodi nent all others
entries nove up, thus preserving the timng order of the table as shown in
FIGS. 9 and 10. If at any time the data changes for an instruction, the
entry nust i ndVeen datagcheranmyshas possitinbeen vislated hizothitheliouthof endeof dat a

h , . i| ' t try.is in.m.s: tabl e 600,
moat 71 ed s iRt An 188 srd ited lRler iRt Sho RRIh P Ederts Dol Pecweeder
to i ndi cat eTlis podzaidta AbwBF PBIr8&ionWRIch HAS TR st e SorhPletiem hflies tidifasrar ks

each entry that has an address that indicates the same address on a data
change as b@lpﬁbmﬁmﬁtfqnemay have older data associated with it than the older instruction. 14

When data ¢ i.bl ee i 0ol ated, both the out of order

i ndi cat or an gt@é“%%@’?’?’f’@@hﬁ% %%t?ocrorll\_ﬁ/?qcybpt h show t hat these events have
occurr ed. Thi F1@8anis, 8 1beveE, driast 1diShavwa y&uu@hcéﬁswhﬁzﬁﬁh%qiro[)l@fn ISOWP| etlon
earlier than an older instruction, may have ol der data associated with it

than the ol @@ectedsiMigcayess. taligi600kas Witisl eptsissy V0ol 42@ ang k1%bher ency.

FIGS 11a, 1 : ; [ ' ' l. | S
Getecteq. NiaTespendingif sichbings 21 8RN g fa3li¥ebhedtel, MEW ihhiclion,
corr espondi 1240 is initistedutingttsméidly Idcstion aehdisSdata ¢sfotmdiin tHey cadiy

i nstruction 1@@8—'8.i nitiated goi n% to nenory location a, and.its data is
found in t HEMEORLAAS 'SéHFW"ﬁlf%fd asOUT 1of Rrelwiaen pewdnsirustion 1¢4P issempirted

i nstruction it b I 14t4 A PP 40
o e | ndy Lol UPFRETPILE CRoBoflcet 1140ty Mdde MUichin BRRnE RGP Roafior
i nt er r ogat i ahasicbangesdin Fi&hl1d c6Wporeintersoghtihg mis-queukddblat0tydéntryeld. 10T us,

R T T R A A E R PR RS
m s- the data coming from a.

It should be noted that new instruction 1240 initiated an entry 1150 in the mis-
queue table 600 even when it cleared out immediately. It should be noted that if
new instruction 1240 missed in the cache, initiated entry 1150 would remain on the
mis-queue table 600. It should also be noted that entry 1150 could be created
after the miss. The important thing is that new instruction 1240's operand address
be compared to the entries in the mis-queue table, and any matches should be
marked if new instruction 1240 completes before the instructions corresponding to
older entries 1110, 1120, and 1130.

When an instruction entry is shown to be modified and out of order, as in the
case of entry 1110, the newer instruction causing the older instruction entry to be
marked as out of order cannot be run. In the preferred embodiment, when the
instruction corresponding to entry 1110 is completed, the mis-queue table reports

to completion logic that a problem has occurred with the instruction corresponding



gueue table 600 even when it cleared out imediately. It should be noted
that if new instruction 1240 m ssed in the cache, initiated entry 1 150
woul d remain on the m s-queue table 600. It should also be noted that entry
1150 coul d be created after the mss. The inportant thing is that new
instruction 1240's operand address be conpared to the entries in the

m s- queue table, and any matches should be marked if new instruction 1240
conpl etes before the instructions corresponding to older entries 1 110,
1120, and 1totBis.entry. ifwninsliugtiostqoukaspondisate gniry 13 ABimcempistedsariallewegnd

out of ordey, int f : t . LASL [ si ng
the ol der 1 HepEaule JHOSFH; % By Behis Bobnoget BR4Bhe sRT 1178 PEusRLY. P,
t he pref er rigstrgetiondi 12201 1230.eahd 1240Nshd HEY biher irstruetdenithat gompletad rand1110
is conpleted, the m's-ciueue table reports to conpletion logic that a

pr obl em hasaiEceaite exeqite @itenthe instrucion eniresepndisgdpgnry 1110 are canceled t hj s
entry. The ] I I alell try:1110 is conpleted and al |l owed
to execute. élﬁéb\ée#gbbqgﬁoﬁamgfrgﬁ@%rgﬁ&%?%‘%go#ﬁ% that initiating entry 1110,

nanmel y i nstr udm trenpreiér?éd edbddimemdoftBd thvention ahy addhesses @sé onlyt compareat
conpl eted and are set to execute after the instructi _?n correkggondi ng to
[

entry 1110 K’r%sﬁtagféé}‘@ﬂtyanﬂ“fse%gre@ﬁe? HF%Q@M coppatag e the dortie $¥¥ds " agai n.
In the pref Sélﬁrgdér?%)&‘éiq%?é‘é &&ea}ﬁﬁgf&gﬁgt I weVdrCit %ﬁﬁx{nl@%%té&%é’t’ﬂdu%le

conpared to a granul arity. resses are only conpared to t
doubl e wor datidressies yould benminsdre d pap wiell rasi athepgrablUlarnitiesdfowever, it shoul d be

not ed that actual-addresses coul d be conpared, Il as other .
granul ariti es.]”?he pqegerlrﬁ egﬂg}dgpﬁ@@féﬁﬁg&eﬁg%, %fer&ﬁ%efrﬁ\r}gﬁgqq Safter the

error situahbiidd afl Hsbelchins 2htér thBItdiMictibR i@t thé Problamt reciusPed and
i ndi cating the problemare flushed and reset for éxecution. Thus data

coherency i reset éremxeedtiom Tthue dataisbherencyis presenvad i thenlushefithememaining
instructions. '



16 -What is clained: 1. An apparatus for out of order execution of a

I nstructions conpri sing: a) a ms-queue table for holding entries of
i nstruction data, each entry corresponding to an instruction in a conputer
m croprocesor, the instruction data conpri sing: i) address

I nformation for the instruction; ii) order information for the
I nstruction, for indicating the order o t he correspondi ng instruction in
relation to other instructions; iii) out of order information,
for indicating that a newer i nstruction using data at the address
correspondi pghdi9s ERfn@gdr ess information field has conpleted before the

current entry; Iv) data nodification information for the

i nstruction, for indi cati ng a possibility of m)dl fi ed dat a at t he address
corresponding to the fress |Pf ormation, fiel out of order
conpar at or f orL 8PRFR stI‘PéOHBP ‘EﬁdebFH%‘FUtioﬁforafw'ﬁW‘dﬂ“’PPéPH‘RS\S‘% entry in
the m s- queue bl e, o infie. il Wbk oAGTERY trﬁése%ﬂnéif'u&loﬁqm?é‘r&ﬂ:heé'ﬁtw bei ng
set if a newer |nstruct|o usi ng data at t ress corresponding to the
addr ess i nf ootrespandirig tol ah lnstrutm)mlnrq)emmputenmtyrdpa@casomhenrmﬂrmmmldata he
conpared entr a nodification conparator for conparing address
I nformati on ?%plnﬁ'é’gaddress information field in an entry in the m s-queue

table to a possibly jyodijddesamtdfrsionBetRl iRstiidionpdi fication field in the
entry is marked to indicate nodified data at the address if the nodified

address is conparabl ® t cordeeinfertnation fontherinsiriation; fortimdicating thectrdenokther y
bei ng conpar Sﬁlespondlng instruction in relation to other instructions;

iii) out of order information, for indicating that a newer instruction
using data at the address corresponding to the address information field has
completed before the current entry;

iv) data modification information for the instruction, for indicating a
possibility of modified data at the address corresponding to the address
information field;

b) an out of order comparator for setting the out of order information field
of an entry in the mis-queue table, the out of information field of a compared entry
being set if a newer instruction using data at the address corresponding to the
address information field in the compared entry has completed before the
compared entry;

c) a modification comparator for comparing address information in the
address information field in an entry in the mis-queue table to a possibly modified
address, wherein the modification field in the entry is marked to indicate modified
data at the address if the modified address is comparable to the address

information in the instruction entry being compared.

* c L M S *



17 2. The apparatus of claim1l, wherein the apparatus cancels al

I nstructions followng an instruction corresponding to an instruction entry
that indicates an out of order instruction and nodified data. 3. The
apparatus of claim1l wherein the out of grder conparator conpares all data
address information in an entry to deteﬁﬂine I f the addresses are

conpar abl e. 4. The apparatus of claiml wherein the out of order

conpar at or cor?ares a portion of the data address information in an entry
to determi né-i f ¢ REPaEHYSeEeaim e Whergia thm pRParatus, canceis HURSYRtionst ect i ng
out of Orde_rfoifd"vﬁhg‘é?\tihﬁﬂ?ctibﬂ c%g’é%@&r?cﬂﬁ@fi&%ﬁ%ﬁ%{i@eﬁw 1A ifc@eS3h%but of
coherency violation, the nethod conprising: a preparing a new

i nstruci on tordexiesinuctionnartdmonifiedaiatacesor, the new instruction having a
dat a address; b) if the new instruction is set to execute, then:

1) conparing the data address of the instruction to existing entries in a

m s-queue tapl gpe pPatdtas brEkineN \ﬁﬁérreir?&ecdlftro?%ﬂ%?gﬂg;r‘lgosirgto?rc%m 8s all

i nstructions, the i nstruction entries containing a I nforrmati on,
i nstructi on datadeddressonfoamation incan entry ¢ detedmine ifthecad dresseasnareacoroparfabéel
data indicator; i) 1f the data address of the new instruction

I's conparable to address information of an entry in the m s-queue table,

mer ki ng the goTRaTaplaatesor Yl 11WRerBirPtRUAH S oAl opdiatt Corfares der
'portion of the data address information in an entry to determine if the addresses

are comparable.

5. A method for detecting out of order instructions in a microprocessor which may
cause a data coherency violation, the method comprising :

a) preparing a new instrucion to execute on the microprocesor, the new
instruction having a data address;

b) if the new instruction is set to execute, then :

i) comparing the data address of the instruction to existing entries in
a mis-queue table, the instruction entries corresponding to previous instructions, the
instruction entries containing address information, instruction order information, an
out of order indicator, and a modified data indicator;

i) if the data address of the new instruction is comparable to
address information of an entry in the mis-queue table, marking the comparable
entry in the mis-queue table as an out of order instruction;

C) if the new instruction is not set to execute, creating an entry for the new
instruction in the mis-queue table, whereby the data address of the new instruction
is put in the address information of the new instruction entry, and information on the

order of the instruction is put in the ordering information of the new instruction
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C) » 1f the new instruction is not set to execute, creating an entry for
the new instruction in the ms-queue table, whereby the data address of the
new i nstruction is put in the address information of the new instruction
entry, and information on the order of the instruction is put in the
ordering information of the new instructgon

18 entry. 6. The nethod of claim5 further conprising the steps of:

d) continually scanning the m s-queue table for entries correspondi ng
to instructi 8A%Yset to execute; e) when an instruction correspondi ng
to an entry in the ms-queue table is set to execute: 1)

conparing the address information of the entry corresponding to the
i nstruction SetTheometeedibbchain 5 fulkeacinpdsing tHeosteps iobn of entries in the
m s- queuetablg) corresponding to. ol der 1nsruct| the instruyction

t ha
Set ta execute: Contintally Banning e misqyedestaPluion fiesreriaRoado

tabl e correspamdiciéhd §et38 RbEGE: | Nstruction than the instruction set to
execute, and if the address information of the entry corresponding to the

i nstruction setex o exwahehan isstoamtiparcaniespoudingdo addnérysn ihef misrguéwmntable ishe
entry corresg Fg’ )%6? the ol der instruction, the entry corresponding to
t he ol der £ H'S s nmarked as out of order: iii) renoving

the entry correspondl l)g t@orh?ﬁmyﬁferék!%!ré@é‘uﬁ&*rnétfbn&iﬁﬁé‘bﬁtr@%@ﬁb&b&dmg to
m s- queue tabl e. . laim 6 further conprising the steps

of : f) the:tmtrueitm $6t te exaeitagvithotheduddsess intarmedionod entries in the mis-

queue table corresponding to older insructions than the instruction set to execute;

iy if an entry is found in the mis-queue table corresponding to an
older instruction than the instruction set to execute, and if the address information
of the entry corresponding to the instruction set to execute is comparable to the
address information in the entry corresponding to the older instruction, the entry
corresponding to the older instruction is marked as out of order;

i) removing the entry corresponding to the instruction set to execute
from the mis-queue table.

7. The method of claim 6 further comprising the steps of :
f continually scanning for data altering events;
Q) when a data altering event happens :
i)  broadcasting the address of the altered data to the mis-queue
table;
i) comparing the address of the altered data to address information
inthe entries of the mis-queue table;
iy if the address of the altered data and the address of an entry in

the mis-queue table are comparable, the entry in the mis-queue table having the
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g) .. when a data altering event happens: i) Dbroadcasting the

address of the altered data to the m s- queue tabl e; i)
conparing the address of the altered data to address infornmation inthe
entries of the m s-queue table; iii) if the address of the

altered data and the address of an entigy in the m s-queue table are
conparable, the entry in the m s-queue table having the
19 conpar abl e address is marked as nodifi ed.

comparable address is marked as modified.
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