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40 It is noted that loads, stores, and other instruction operations may be referred to herein as being older or
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ER-S@uld9, 770 di scl oses apparatus for controlling | oad/store i-nstructions
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i nstr i on has® executed ahead of a . store instruction in program order,

the load and store insftructions having the sane real 10 ~ ~ address. The

store barrier cache stores information corresponding . to the store nenory
operations and a hi{h&ithe cache is then used during dispatch of the store
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wighrde fist | oad menory operation. The execution pipeline is configgpegirse
't o generate an entrain signal. responsive to the |ack of dependenc¥ p
-co,nflged to update the 30 ~ ~ information stored therein to not rq(ﬁge@p@

t hat e first store nenory operation interfered with the first |load nenory
operation dining the previous execution. 773538 AMENDED SHEET  -""°

US002i 752 2 0 APR 2004 Additionally, a conputer systemis contenpl at ed

i ncl udi ng the out ! .devj fi red to
communi cat e bet%gﬁﬁﬁﬁgp%g%w%# @ﬁdt‘% 6‘%?6‘? n(‘,’{)ff’ﬁw?"gﬁd ériterg
whi ch t he I/qlﬁeywmnlmepmwsamﬁ@nﬁ@(@g\aéwt@s met hod is contenplated. A
dependency of a first Load nenpry S . operation on. a first store nenory

“operation is i nd| datong uﬂﬂ@@@ﬁsﬁl% theS pmdsp@ltmmrdgatdﬁm apoftionsdf thoRQ
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menory oper atstares, alohgdwith nagsi hlentifyingethiei resentlyo dispatelredr storese Thti PO cbﬁa

the ﬁékiﬁdﬁﬁwwg' Aot 528l seleanstorat e B B il e sdbrredrinm

operati on. edP{o | Sered e Vis O, i on,
the first store ?rfory ogigrgglgon |ntqgrt¥lgf§ee€ioﬂv%| I?hne'hlf Pirafscfﬁ ?o&%e&é‘gﬂc)ﬂ
‘operation | s copéspoading dagistreadhfiomabesachnd tabteanidnyed tocindicatei acdependeacpfaron
theflr ﬁ@eeagrrem)ry operation interfered with the first |oad nenory
operati ) l(? ating.is . .performed responsive to the detecting of the
lack of dependencyn aabilef uaplim @dh@dmt StoP fecoft3 d HiffeRine

become apparent upon read| ng the foll ow n etail ed description and upon.

reference to thmega@gs;mdrtw alpad and a store. Whlch mxerfawthh theblpadiin affirstxablpl e

only: . i . S a am of one
embodi et of9K) B fhelgpd PC. THRRE of e diipalchily 1903 yitollect's BHEERAR, o7
pi pel i ne whi @onirthe titsle,anp| diée diffederioB e isD ladd 6 Y01 tishau@ Naskignéd Qo the load.. - -

Wg. 3 is a block,di agramlllustratlng one enbodi nent of a map_obit, a
schedul &, arA‘-‘R@IS“%!B“&Ed’ the stere/mayhegenesated; and QW%?@P load on the Fi g.
4 is a.bl ock 9@@{%&@ enbodi ment of a store to |oad forward (STLF)
predi ct or shown I n Fig. .5 is a block diagramof a second

enbodi ment of an ﬁbﬁd@mpﬁk@apﬂmmrmcﬁgnpl&edléog&pnhngmsmm&mdr'

STLF pr aci ot aPA L iPepRBpRlse spinksd & i TR Prpfer Spe P 1LY prediont in,

_)

~-~ ~, . USQQgpled 6 Zeceive an indidation/S1isHdfh of a first load méthéty opefation; Q{doﬁk
di agram I 11 ust ratl ng one enbodi ment of a control =~ circuit which may be
enploye?P i n #@ prspendingio the Sirst load memery apemtios to indicatesa ﬂ@@dmmf

g: ggrgn} gf aob oga?aagram&? @)cgﬁgﬁg%?ﬁ%rr#%e ?ﬁ%u@@sym [ ncI ud| ng

t he processorinfoioationi storedgwitlin the STEF -predictoy, the -informatiengrorteSpanding fol thek
diagram of 2 oo R o Borln  indoSSHE buriag Y BBl B b B
store memory operation interfered' with the first load memory  operation. The
25 execution pipeline is configured to inhibit execution of the first load memory
operation prior to the first store memory operation responsive to the dependency. The
execution pipeline is configured to detect a lack of the dependency during execution
of the first load memory operation. The execution pipeline is configured to generate
an untrain signal. responsive to the lack of dependency configured to update the
30  information stored therein to not indicate that the first storé memory operation

interfered with the first load memory operation during the previous execution.
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- Tynv, nowto Fig. 1, a block.diagram of one enbodi nent of a process 2004
is showmn. O her enbodi nents are- possi ble and contenplated. In the

enbodi nent of Fig. 1) processor 10 includes a.line predictor 5 12, an

i nstruction cache (I-cache) 14; an alignnent unit 16, a branch '

prediction/f ) ' i 3.8 P nits, -

Din 24D) . preoiionalstof Sogty it Florteribibed il W BROGT dlemr ¢
30) a retireinput/oetpse (/O} davich comfigiredato canmonisaté ibetwedd  the comiputee systdre 20,

a scheduler 36, an,integer register_fjle Izgéieﬁa floating point register

file 38B) an®nd, c@?’i’&'ﬁﬂ‘i %Eﬁﬂhﬁg,ﬂ}e geisrguplablet execution core.
40B) a | oadl st or e Midtedvet2 o cac rpal _interface.
unit 46) and a PC si | oveie?%@gr‘%gf’?%#augﬁ @%ﬁ%@%ﬁ%ﬁgﬁaﬂoqo-

ni ss -dedode bperatior? 6n. alfirsistore memoty Wiperatioh & inticiied pesporisivel tothe! dispatdiin

PC
silo 48, and gljg nit 16. Line predictor 12 npy al so be coupl edgto
| -cache 14. P?éﬁ%%%a#@m enerationandy responsivierior indigating that,

| SpoRsi Gymation |
e AL 1 grmen itk § PRERAE' Gobfiin the Gribord héiork Skl Rl bRE W IR ARt 56 °
and decode ulvaismehéry’ 4perabion,othe inforimation! dethgDstored inat fiere-t6odd Fshwiapd MaP

“unit 30) ahdﬁglﬁ;%de nit 24D is coupled to_mcrocode unit 28. Map unit 30
is coupled t i BT Jad sorrespopding ¢o, thesfinshlasd duemary operation c Soheduling: nanes

file 3 fu i . . . i hj t
renanes file I's coupl e o’ future firle . Schedul'e¥ i to
0} | OB i St loa? A it s il wily th KheddlbE b K bl
regi ster fil memod opdRionnhAdackoofthé depgendency dsiddtested durbpcdxeqition of alisifirst
respective exegution cores 40A- i&B. éqI;.xecu,ti oh codes-40A-4QB are further
coupl ed to | {936/ DEBOR (RRefation. 4 nthes infermation Jwdicating: thato fudng dha opreyigus -

further coupkgdut HLE et 'E{fé%di : ﬁngtl)? | er
36, D-cache 44) an qg?(t er ng]‘&i’? n~acy ?hle‘?s%%% cact@tﬁ%ﬁogﬁg&% e

regi ster fil opersidon i3dipdated ite notindicatedhdtaduring the prifvicus exeutibsgdhé first store
externagle interface 52 and,to.l-cac 14, Elenents referted herein.by a
refereﬁée nuﬁ‘gpgfy PBFF@%W?WB?‘B?%E?%%%MMy %PE#’?’@E‘?O by
the ref.er encperforiied #éspohsiveto the deteetingldf the lage eiiiehgy, 24A- 24D wi | | be
collectively ref erreglsPtaQ as decode units 24. 1n the e?rybodi ment of Fi-g. 1)

processor 10 enpl Ofher-objests and adwantages afthe investipn owilli besome eppanents upon

conmputing ( 3 ol i i s : e ' r 10
ay ol oy 1 Tcacing 8 il chitbd ¥els dpliit il Span sl W el oo BEEE

A 32) . - O hedrasvitigsdn nehichsbyresy afigrimpleonlyer | nst ruction .set -architectures ...
i ncludijpg fixed | h ipstryction'set agchitecture and reduced instruction
set corffuting (Rl %?h%%ﬁ%ﬁi% °n8r°E#fP&9’€PU?€PSPW'rn f eat ures shown
in Fig. 1 may be pig 28 pifeline dinghdnt BF be ek y pipeling Wiidhaflhyrbé gégh PC
~generation unit lgigis configured to provide a e?l(s:h address )ff eta?:iﬁ C to |
cache 14) | inthgpeasessopshomn inFigl IpC sil o 48. Branch prediction/febch PC

generation unit 1 L NC it i Cki0 njsm -
used to aid in thgi%geﬁramtlﬁégﬁo e cﬂ%ﬁgs&fwgwpgﬁgeﬂ??@ﬁg etch
addr ess) | i nscheduler, ah AGUTLB, and d fadAtorgnmbint greatérodetsil. i on corresponding to
a plurglity of ingfryctions to aligpoment unit 16) and I ovi de ext
fetch #ddress for ﬁegdﬁf’ﬁg’*ﬂmg{]‘lﬂ? g8 gstpaeﬁéatf E‘I’ﬁ“%c@' 2
identified byredftforithOwh@eFiginstruction information. The next fetch address
..may be provided to branch predictiion/fetch PC generation unit 18 or nmay be
diréctly provi dedFige5iis a bldek diagram fdmncbﬂnb@gamfpnmmgdimWC -
generation 391111 i§ 18 may receive a trap address fromPC silo 48 (if a trap
is detected) and tThe trap address may conprise the fetch PC generated by
branch predi cti onFigeté lis RCigecRdrf ilidfrativiyl traibfng Ghd Qintdatnthg bhoddst mhol" nMay

be gensrated uaégg t he, branch-prediction information and i nformati on from
li ne prddi ct grbadimentafan S TLF predigter ghowan1aFigs 419 3t or es i nf or mati on
corresponding to instructions previously specul atively fetched by processor
10. In one enbodinment) line predictor 12 includes 2K entries, each entry

| ocating a group of one or mare instructions 4 2 0 APR 2004 WD 0l /50252 °
Pt" T/ US00121752 referred to herein as a "line" of instructions. The |ine of
instructions may be concurrently processed by the instruction processing

pi pel i ne of pr@gessor 10 through being plLaced into scheduler 36. |-cache 14
is a high spequﬁ@%@z ﬁggﬁﬁggfor,storing instruction bytes. According to
one enbodi nent | % 1 conprise, for exanple) a 128 Kbyte) four way
set associ ative organi zation enploying 64 byte cache 5 |lines. However) any
| -cache structure may be suitable (including direct-nmapped structures}.




AFi gtvieyt= unit 16 receives the instruction aligment infornation frontllne
predi ct of *12 and instruction bytes corresponding to the fetch address UBoegii 752
|- cach@®14. Alignnent unit 16 selects instruction bytes.into each of dg q@ﬂqmu
_units A- 24D according to the provided instruction alignment |nfornat|on
Mote particularly, line predictor 12 provides an instruction pointer
cor'responding to each decode unit 24A-24D. The instructi-on pointer 10
| ocat es an |nstruc 037 gﬂgﬂqgl fetched i nstruction bytes for conveyance
elo

st ruct OBL?%EQEI% e e Lorelog ome SbOAHATPG! ¢ SRLE dhcnic

i uct i uni -
Accordingly) -in td%heggg I rent %ﬁ pﬁgﬁﬁﬂegﬂwnﬁhgﬁ$d%@ﬁ%ns from'line
predictor 12 nmay iFigl a@od@dﬂgﬂaﬂﬁbﬂbﬁééﬂbﬂm@&td&o&’@%ﬁ% u,gpbOd' nent-s

may i ncl ude af.ﬁ%or fewer decode units 24 to provi
i nsfl ucaons Bif'n a line. 15 Decode units 24A- 24D docode t he |nstruct|ons

provi dedSt heret o, gpdyega 24A, 2 D gen rates information
-i dent yfyi ng one or: %Dre ??gggﬁgﬁfmﬂqgﬁ PL RopEIpULeH Systenp inchiiding t O
tl~ |nstruct|fbﬁprocmooshmm1hdﬁg nMent - each decode unlt 24A- 24D may generate

up to two mstructlt.onl peratiqns, per instruction. As used herein, as’
i nstruction operat ‘? &lﬁgk oﬁermonmembodrhxeﬁmoﬁx% bR sy&éxh

Wi thin: exec%‘ﬂﬁ%ru?ﬁ.’&g égmg$ggf| gured to execute as a sin

entity. Sinple ins ons nmay C pond to a S|ngle instruction 20 ~
operation) while nmore conplex instructions may correspond to mul tjple
|nstruci on operations. Certain of the nore conplex instructions may be °

i mpl emented within mcrorode unit 28 as mcracode routines (fetchod Froma
read-only nenmory therein via decode unit. 24D in the present enbodinent).
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On the other hand, if the load is trained to be dependent on a store and
there is no actual dependency during an execution, performance may Qg ARRsi
due to-the del ayed scheduling of the |oad Accordingly, execution ifel i ne
72 may deweou/sesese situations as . well and use the trai RP'ENSP‘H%%
interface to entrain the | oad and corresponding store from STT, F predi ctor
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35  program order. If the prior instruction operation's PC matches the store PC from load/store dependency table 80
and the prior instruction operation is a store (indicated by the load/store indications provided by decode units 24),
intraline dependency check circuit 90 may: (i) -indicate a hit to ST/LD dependency circuit 86 for the
corresponding load; and (ii) control mux 92 to override the store R# provided by store PC/R# table 82 with the
R# of the instruction operation upon which the hit is detected. In this manner, the store R# output to dependency
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It is noted that, as an altemmative to the bit vector used for the valid indication and the depend all signal
for handling loads which are interfered with by different stores on different executions, each entry in load/store
35  dependency table 80 may provide storage for multiple store PCs and corresponding valid bits. Each store PC
from a selected entry may be compared to store PC/R# table 82 and a dependency may be recorded for the load
on each store which is a hit in store PC/R# table 82.
Tuming now to Fig. 5, a second embodiment of STLF predictor 60 (STLF predictor 60b) is shown.

Other embodiments are possible and contemplated. In the embodiment of Fig. 5, STLF predictor 60b includes a
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] ca U] c aldiidea Er cadbl] WM&: aﬁd}aﬁax, receiving the corresponding delta R# output from load/store
dependency table 100 and the R# assigned to that dispatching instruction operation by R# assign unit 64.

ST/LD dependency circuit 106 receives the valid indication and an indication of whether or not the.

35 instruction operation is & load or a store from decode umits 24. ST/LD dependency circuit 106 provides a

dependency valid signal to dependency unit 62, similar to ST/LD dependency valid circuit 86 above. ST/LD

dependency circuit 106 may assert the dependency valid signal if: (i) the instruction operation is a load (as

determined from the load/store indications provided by decode units 24); and (ii) the valid indication from the
indexed entry indicates valid.
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-y g other steps may be pipelined to the stages at which steps are performed. :

Execution pipeline 72 determines if a load has been scheduled for execution (deéision block 110). Ifa
load is not scheduled, then no training operations are possible in this embodiment. If a load is scheduled,
execution pipeline 72 determines if the load was retried due to a hit in physical address buffer 70 (decision block
112). More particularly, execution pipeline 72 may examine the retry indication from the scheduler buffer entry

15  allocated to the load. If the load was retried due to a physical address buffer hit, the execution pipeline 72 asserts
the train signal to STLF predictor 60 and provides the load PC and store ID of the load and store to be trained into
STLF predictor 60 (block 114).
On the other hand, if the load was not retried due to a physical address buffer hit, execution pipeline 72
determines if the load received a dependency on a store due to operation of STLF predictor 60 (decision block
20 116). In other words, execution pipeline 72 dctermmes if the train indication in the scheduler buffer entry
allocated to the load indicates that the load was trained. If the load was trained, execution pipeline 72 determines
if data is forwarded from the store queue for the load (decision block 118). If data is not forwarded, it is likely
that the Joad would not have been interfered with by a store. Accordingly, in this case, execution pipeline 72 may
- ‘assert the untrain signal to STLF predictor 60 and provide the load PC of the load for untraining (block 120).
25 : It is noted that training may also be performed during execution of a store which interferes with a load,
rather than during the reexccution of the load due to the retry.

Tuming now to Fig. 7, a block diagram of a portion of one embodiment of an LSDT control circuit 130
is shown. LSDT coatrol circuit 130 may be used as LSDT control circuit 84 and/or LSDT control circuit 104, in

- various embodiments. Other embodiments are possible and contemplated. In the embodiment of Fig. 7, LSDT
30 control circuit 130 includes a control circuit 132 and a counter circuit 134 coupled to the control circuit. Control
circuit 132 is coupled to receive the train and untrain signals from execution pipeline 72, and is coupled to
provide Set_V[3:0] signals and Clear_V([3:0] signals to load/store depcndcncy table 80 or 100 (depending upon
the embodiment).

LSDT control circuit 130 is configured to manage thc valid indications in the load/store dependency
35  table during training and untraining for embodiments in which the valid indications are bit vectors. In the present
embodiment, each bit in the bit vector is in the valid state if set and in the invalid state if clear, although
altemative embodiments may have each bit in the bit vector in the valid state if clear and the invalid state if set.

Still other embodiments may encode valid states in the bits.
If an entry is being trained, control circuit 132 selects a bit in the bit vector to set responsive to the value
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. Rather than incrementing the count clock cycle, alternative gurations may increment the count
15  afier cach train or untrain event, if desired. Still further, alternative configurations may select a bit which is in the
invalid state to change to the valid state during training and may select a bit which is in the valid state to change
to invalid during untraining.

Turning now to Fig. 8, a block diagram of a portion of one embodiment of dependency unit 62 is shown.
Other embodiments are possible and contemplated. The portion illustrated in Fig. 8 may be related to maintaining

20 - a store bit vector indicating outstanding stores. Other portions (not shown) may be configured to record
dependencies for instruction operations for dispatch to scheduler 36. In the embodiment of Fig. 8, dependency
unit 62 includes a control circuit 140 and a bit vector storage 142 coupled to cont:pl circuit 140. Control circuit
140 is further coupled to receive an indication of the load/store nature of dispatching instruction operations from

- decode units 24 and assigned Ri¥s from R#. lsslgn unit 64. Additionally, control circuit 140 is coupled to receive

25  retired R#s and an abort indication from scheduler 36. The store bit vector from bit vector storage 142 is
conveyed to store validation circuit 108.

Genenlly, as instruction operations are dispatched, control circuit 140 receives indications of the store
memory operations from decode units 24. The corresponding R#s are provided from R# assign unit 64. The
store bit vector in bit vector storage 142 includes a bit for cach R#. Control unit 140 sets the bits in the store bit

- 30 . vector which correspond to dispatching stores. Similarly, as stores are retired by scheduler 36 and indicated via
the retire R#s, control circuit 140 resets the corresponding bits in the store bit vector. Finally, if an abort is
signalled, control circuit 140 resets the bits of the aborted stores. In one embodiment, aborts may be signalled
when the instruction operation causing the abort is retired. Thus, the abort indication may be a signal used to

. clear the store bit vector. In other embodiments, the abort indication may identify the R# of the aborting

35  instruction and only younger stores may be aborted.

As used herein, the term "control circuit” refers to circuitry which operates on inputs to produce outputs
as described. Generally, a control circuit may include any combination of combinatorial logic (static or
dynamic), state machines, custom circuitry, and clocked storage devices (such as flops, registers, etc.).
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H10%& ()-r da%ﬁaonltgprovxdmg an interface to an ISA/EISA bus for PCI bus 214, secondary bus bridge 216 may
further incorporate additional functionality, as desired. An input/output controller (not shown), cither external
from or integrated with sccondary bus bridge 216, may also be included within computer system 200 to provide
20  operational support for a keyboard and mouse 222 and for various serial and parallel ports, as desired. An
external cache unit (not shown) may further be coupled to CPU bus 224 between processor 10 and bus bridge 202
in other embodiments. Alternatively, the external cache may be coupled to bus bridge 202 and cache control
logic for the external cache may be integrated into bus bridge 202. L2 cache 228 is further shown in a backside
configuration to processor 10. It is noted that L2 cache 228 may be separate from processor 10, integrated into a
25  cartridge (e.g. slot 1 or slot A) with processor 10, or even integrated onto a semiconductor substrate with
processor 10. . .
. Main memory 204 is a memory in which application programs are stored and from which processor 10
. primarily executes. A suitable main memory 204 comprises DRAM (Dynamic Random Access Memory).. For
example, a plurality of banks of SDRAM (Synchronous DRAM) or Rambus DRAM (RDRAM) may be suitable.

30 PCI devices 212A-212B are illustrative of a variety of peripheral devices such as, for example, network
interface cards, video accelerators, audio cards, hard or floppy disk drives or drive controllers, SCSI (Small
Computer Systems Interface) adapters and telephony cards. Similarly, ISA device 218 is illustrative of various
types of peripheral devices, such as a modem, a sound card, and a variety of data acquisition cards such as GPIB
or field bus interface cards.

35 Graphics controller 208 is provided to control the rendering of text and images on a display 226.
Graphics controller 208 may embody a typical graphics accelerator generally known in the art to render three-
dimensional data structures which can be effectively shifted into and from main memory 204. Graphics
controller 208 may therefore be a master of AGP bus 210 in that it can request and receive access to a target
interface within bus bridge 202 to thereby obtain access to main memory 204. A dedicated graphics bus
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 are possible and contemplated. In the embodiment of Fig. 10, computer system 300 includes several processing
15  nodes 3124, 312B, 312C, and 312D. Each processing node is coupled to a respective memory 314A-314D via a
memory controller 316A-316D included within each respective processing node 312A-312D. Additionally,
processing nodes 312A-312D include interface logic used to communicate between the processing nodes 312A-
312D. For example, processing node 312A includes interface Jogic 318A for communicating with processing
- node 312B, interface logic 318B for communicating with processing node 312C, and a third interface logic 318C
20  for communicating with yet another processing node (not shown). Similarly, processing node 312B includes
interface logic 318D, 318E, and 318F; processing node 312C includes interface logic 318G, 318H, and 318I; and
_ processing node 312D includes interface logic 318, 318K, and 318L. Processing node 312D is coupled to
commmumicate with a plurality of input/output devices (¢.g. devices 320A-320B in a daisy chain configuration) via -
. interface logic 318L. Other processing nodes may communicate with other /O devices in a similar fashion.
25 _ Processing nodes 312A-312D implement a packet-based link for inter-processing node communication.
In the present embodiment, the link is implemented as sets of unidirectional lines (e.g. lines 324A are used to
transmit packets from processing node 312A to processing node 312B and lines 324B are used to transmit packets
from processing node 312B to processing node 312A). Other sets of lines 324C-324H are used to transmit
packets between other processing nodes as illustrated in Fig. 10. Generally, cach set of lines 324 may include one
30  or more data lines, one or more clock lines corresponding to the data lines, and one or more control lines
indicating the type of packet being conveyed. The link may be operated in a cache coherent fashion for
communication between processing nodes or in & noncoherent fashion for communication between a processing
node and an IO device (or a bus bridge to an /O bus of conventional construction such as the PCI bus or ISA
bus). Furthermore, the link may be operated in a non-coherent fashion using a daisy-chain structure between 70
35  devices as shown. It is noted that a packet to be transmitted from one processing node to another may pass
through onc or more intermediate nodes. For example, a packet transmitted by processing node 312A to
processing node 312D may pass through either processing node 312B or processing node 312C as shown in Fig.
10. Any suitable routing algorithm may be used. Other embodiments of computer system 300 may include more

or fewer processing nodes then the embodiment shown in Fig. 10.
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312A-312D may include a memory map used to determine which addresses are mapped to which memories
314A-314D, and hence to which processing node 312A-312D a memory request for a particular address should
15  ‘berouted. In one embodiment, the coherency point for an address within computer system 300 is the memory
controller 316A-316D coupled to the memory storing bytes corresponding to the address. In other words, the
memory controller 316A-316D is responsible for ensuring that each memory access to the corresponding memory
314A-314D occurs in a cache coherent fashion. Memory controllers 316A-316D may comprise control circuitry
for interfacing to memories 314A-314D. Additionally, memory controllers 316A-316D may include request
20 queues for queuing memory requests.
Generally, interface logic 318A-318L may comprise a variety of buffers for receiving packets from the
link and for buffering packets to be transmitted upon the link. Computer system 300 may employ any suitable
flow control mechanism for transmitting packets. For example, in onc embodiment, each interface logic 318
stores a count of the number of cach type of buffer within the receiver at the other end of the link to which that
25 - interface logic is connected. The interface logic does not transmit a packet unless the receiving interface logic has
a free buffer to store the packet. As a receiving buffer is freed by routing a packet onward, the receiving interface
logic transmits a message to the sending interface logic to indicate that the buffer has been freed. Such a
mechanism may be referred to as a "coupon-based” system.
I/O devices 320A-320B may be any suitable /O devices. For example, 1/O devices 320A-320B may
30  include network interface cards, video accelerators, audio cards, hard or floppy disk drives or drive controllers,
SCSI (Small Computer Systems Interface) adapters and telephony cards, modems, sound cards, and a variety of
data acquisition cards such as GPIB or ficld bus mterfacc cards.
Numerous variations and modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be interpreted to embrace all such

35 variations and modifications.

INDUSTRIAL APPLICABILITY
This invention may be applicable to processors and computer systems.
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10b>10%¢& ( )mﬁ:ﬁﬁ_&@Bﬁ)&oféiMn sdilt ST FpredictbP (60), suft iindation corresponding to
said load memory operation and indicating that, during a previous. execution, -said first
‘store memory operation interfered with said first load memory operation; and .
15 an execution pipeline (72) coupled to said STLF predictor (60), wherein said .
' execution pipeline (72) is configured to inhibit execuuon of said first load memory
operation prior to said first store memory operation responsive to said dependency,
and wherein said execution pipeline ‘(72) is configured to detect & lack of said
dependency during execution of said first load memory operation, and wherein said
20 - execution pipeline (72) is conﬁgured to genetate an untrain s:gnal r&sponsxve to said
"7 Tlack of said dependency; |
' _ wherein said STLF predictor (60) is coupled t0 receive said unirain signal and
is configured to update said information stored therein to not indicate that said first
store memory operation interfered with said first load memory opération during said -
25 previous execution.

2. The processor as recited in claim 1 wherein said information includes a valid .
indication corresponding to said first load memory operation, and wherein said STLF
predictor (60) is configured to place' g.aid valid indication in an invalid state to update

30 said information.
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4. The processor as recited in claim 1 wherein said first store memory opertion

interferes with said first load memory operation if said first load memory operation is

., 10 . "scheduled prior to scheduling said first store memory operation and said first load
' memory operation is dependent on said first store memory operation.

5. The processor as recited in claim .1 wherein said execution pipeline (72)
includes a store queuc (68), and wherein said execution pipeline (72) is configured to
15 . detect said lack of dependcncy if forwardmg of data from said store queue (68) for
' said first load memory operation does not occur.

6. Amethod comprising: - _ _
dispatching a first load memory operation and responsive to the dispatching of
20 the first lJoad memory operation ihdicating a dependency of the first load memory
operation on-a first store memory operation responsive to information in a store to
load forward (STLF) predictor and corresponding to said first load memory operation,
the information indicating that, during a previous execution, said first store memory
operation interfered with said first load memory operation; - _ .
25 inhibiting scheduling of said ﬁrst load. memory operauon pnor to schedulmg
- sald ﬁrst store memory operation;
detecting a-lackof said dependency during execution of said first load memory-
operation; and
updating said information indicating that, during said previous execution, said
30 first store memory operation interfered with said first load memory operation to not

TI3538 25
AMENDED SHEET



WA-ggURYec& ()-! "' 10%vxv& ()-3!" 10%&' ()-3!'F *10%&' ()-,!80*10%& () - ub&@g%ap
) & ()-ZBxWUBuS1 !'!a#F(10%c& ()-!" ' 109%vxv& ()-3!" 109& () 3'F *10%& oi il]
—104‘ ()-!1 #F(10% ().- Normal* “Heading 13]c" "Heading 23] c" ﬂnéPR 0
33] c Headi ng 43]c" "Heading 53] c"."Heading 63]c". "Heading 73]c" Head| ng
83].c" "Heading 93] c"A "Def auI t Par agraph Font G "*[-=2M n} qhA

-<K[ i px~$/ @Bex. v. GkXt-bX< - -% ( + - . YOO"6;

@FyN PkSDX" t rz l. "4' . 05$<?0@FINN Ykl sf° kIIrtwy{U}b
e () v, I0OHS U A e G ESY

ROITB.I‘]AI’I al Cogftirpérediaidt Qﬁ’i Bt
#HIYE () * +, - /0123456%’9 l é‘fm‘g’l‘?c“aé£=‘a'tiIESE'Béspomswetosznddetectmg

< >’7@\BCDEFGHI JKLM\ICPQRSTUVV\XYZ[\] A abcdef ghi j kl mopqgr st uvwxyz{|}~ -
A ()7 L O R o re RS iy b S e T nctudes a valid
' 5 mdxcauon comresponding to said first load memory opemuo_n, and wherein said
updating comprises placing said valid indication in an invalid state.

8, The method as recited in claxm 6 wherein said information includes a valid
indication corresponding to said first load memory operation, and wherein said valid
10 indication comprises a bit vector, and wherein said indicating is performed if at least
one bit in said bit vector is in a valid state, and wherein said upda.tmg compnses
gelecting a first bit ofsmdbﬁvectorandplamng said ﬁrstbrtmanmvahdstate

. 9. The method as recited in claim 6 wherein said detectmg comprises detecting a
15 lack of forwardmg of data from.a store queue (68) for said first load memory
' . ‘operation.

| 10. A store to load forward (STLF) predictor configured to indicaie a dependency
.- - ~of g first load memory--operation on -a first store-;nemory operation, the-STLF - -~
20 predictor storing information corresponding to the first load memory operation and
eratmg saxd dependency responsxvc to an mdwauon of. .said load memory
operation. :
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