PREFETCHI NG FROM A DYNAM C RANDOM ACESS MEMORY TO A STATI C RANDOM ACCESS
MEMORY TECHNI CAL FI ELD 5Enbodi nents of the invention generally relate to
the field of integrated circuits and, nore particularly, to systens,

met hods, and apparatuses for prefetching froma dynam c random access
menory (DRAM to a static random access nenory (SRAM . BACKGROUND
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pr ovi desmpansmyto hiighhfrequency uniprocessors, CMPs provide improved performance and

reduced power consumption. CMPs use relatively simple cores and rely on thread level
parallelism (TLP) to improve performance. Applications running on CMPs have to
increase TLP to efficiently utilize the core count.

15 Increasing TLP, however, also increases memory level parallelism (MLP) by
increasing the number of outstanding memory requests per clock. In addition, the data
working set of the multi-threaded applications will likely grow with the thread count.
Finally, increasing TLP is also likely to increase the randomness of accesses to the shared
caches since accesses from several threads will be interleaved. Thus, memory bandwidth

20  and cache capacity should scale with core count to support the increased MLP and data
footprint.

Recently, three dimensional (3D) die stacking has been proposed as a viable option
for stacking a dense memory die (such as DRAM) on a microprocessor die. Stacking
allows disparate Si technologies to be combined in a die stack, without concern for

25  technology integration into a single process flow. Stacking also provides a very high
bandwidth interface between the die using through—si110011—Vias. Thus, 3D stacking of
memory (such as DRAM) on CMPs may effectively address the memory hierarchy hurdles
for CMP scaling.

DRAMSs typically keep an open row activated until another row is required to

30  reduce access latency. This technique is called an open-page policy and i\t works best if
successive accesses to the DRAM are to the same open page. Otherwise, bank closes and
precharge penalties significantly increase the total latency of accessing a bank.

Traditionally, there is only one open page per bank in DRAM designs.
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enbodi ment
[0 system implemented according to an embodiment of the invention.

Figure 4 is a high-level block diagram illustrating an embodiment in which the L2

cache is shared.

Figure 5 is a high-level block diagram illustrating an embodiment in which the

prefetch logic is used at different levels within the cache hierarchy.

15 Figure 6 is a flow diagram illustrating selected aspects of a block transfer

according to an embodiment of the invention.

Figure 7 is a cross-sectional view of a semiconductor device, implemented

according to an embodiment of the invention.
DETAILED DESCRIPTION

20 Experience has shown that the locality of accesses to the DRAM is likely to be
more random as the number of threads accessing the DRAM increases. Since DRAMs
have a limited number of banks (e.g., 16) the number of page opens may increase
dramatically as the number of threads increases. Thus, the consequences of bank

thrashing could significantly impact the performance of the system.

25 Embodiments of the invention are generally directed to systems, methods, and
apparatuses for prefetching from a dynamic random access memory (DRAM) to a static

random access memory (SRAM). In some embodiments, two or more cache lines are
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Figure 7 is a cross-sectional view of a sem conductor device, inplenented
according to an enbodi nent of the invention. DETAI LED DESCRI PTI ON

20Experi ence has shown that the locality of accesses to the DRAMis Ilikely
to be nore random as the nunber of threads accessing the DRAM i ncreases.
Since DRAMs have a limted nunber of banks (e.g., 16) the nunber of page
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prefetch hint.
page. In some embodiments, the prefetch hint may be a confidence value generated by an

>

instruction pointer (IP) history based stride detection mechanism. In alternative

embodiments, a different mechanism may be used to generate the prefetch hint.

Ln cache 110 and PF logic 112 are coupled with instruction processing logic 108
20 through interconnect 116 (e.g., an L2 bus). In some embodiments, if there is an L1 cache
miss, then the miss and prefetch hint 114 are forwarded (directly or through one or more
levels in a memory hierarchy) to Ln cache 110 and/or prefetch logic 112. Prefetch logic
112 may determine whether to prefetch two or more cache lines from an open page of
DRAM 104 based, at least in part, on prefetch hint 114. For example, if prefetch hint 114
25  indicates that there is a high probability that a number of LOAD instructions are going to
exhibit streaming behavior, then PF logic 112 may transfer an entire open page of data

from DRAM 104 to Ln cache 110.

In some embodiments, PF logic 112 may include logic to throttle a prefetch if, for
example, the usage level of interconnect 106 is too high. In such embodiments, PF logic
30 112 may compare the level of confidence (e.g., high, medium, or low) provided by

prefetch hint 114 with an indication of interconnect usage level and determine whether or
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Ln cache 110 and PF logic 112 are coupled with instruction processing |ogic
108 20t hrough i nterconnect 116 (e.g., an L2 bus). In sone enbodi nents, if
there is an Li cache miss, then the mss and prefetch hint 114 are
forwarded (directly or through one or nore levels in a nenory hierarchy) to
Ln cache 110 and/or prefetch logic 112. Prefetch logic 112 may determ ne
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interconnect 106 connects the packages.

15 FIG. 2 is a conceptual diagram illustrating a block transfer according to an
embodiment of the invention. DRAM 202 is organized into one or more cache pages 204.
In some embodiments, DRAM 202 has one cache page open at any given time (assuming
the device is in operation). For example, in the illustrated embodiment, cache page 206 is
open. Each cache page consists of two or more cache lines 208 each having two or more

20 bytes of data. In some embodiments, prefetch logic (e.g., prefetch logic 112, shown in
FIG. 1) transfers a block of two or more cache lines from open DRAM cache page 206 to
SRAM 210. The decision to transfer a block of cache lines may be based, at least in part,
on a prefetch hint (e.g., prefetch hint 114, shown in FIG. 1). Block transfers of data from a
DRAM to an SRAM are further described below with reference to FIGs. 3-7.

25 FIG. 3 is a high-level block diagram illustrating selected aspects of a computing
system implemented according to an embodiment of the invention. System 300 includes a
plurality of cores 302. Cores 302 may be any of a wide variety of cores includes general
processing cores and graphics cores. In some embodiments, each core has a private L1
cache 304 and a private L2 cache 306. In addition, each core (or a subset of the cores)

30  may include PF logic 308.



alternative enbodi nents, core 102 and DRAM 104 may be in separate packages
and interconnect 106 connects the packages. 15FIG 2 is a conceptual
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i ncludi ng the usage level of Lg %ﬁs %14.
prefetch logic is used at different levels within the cache hierarchy. In some embodiments,
a cache miss (e.g., both an L1 and L2 cache miss) and a prefetch hint may be forwarded to
DRAM L3 cache 502 and/or PF logic 504. PF logic 504 may transfer two or more cache
lines from an open page of bulk DRAM 312 to DRAM L3 cache 502 based, at least in

25  part, on the prefetch hint (and possibly other factors such as bus usage levels). Prefetch

logic 308 may, in turn, transfer two or more cache lines from an open page of DRAM L3
cache 502 to SRAM L2 cache 306. While the illustrated embodiment shows two levels of
batch prefetching, it is to be appreciated that the batch transfer of a block of cache lines

could be performed nearly any number of times across nearly any number of levels of

30  cache.

FIG. 6 is a flow diagram illustrating selected aspects of a block transfer according

5.



20FIG 5 is a high-level block diagramillustrating an enbodi nent in which
the prefetch logic is used at different levels within the cache hierarchy.
In sonme enbodi nents, a cache mss (e.g., both an Li and L2 cache m ss) and
a prefetch hint may be forwarded to DRAM L3 cache 502 and/or PF | ogic 504.
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Referring to process block 606, the PF logic transfers two or more cache lines from
a DRAM to an SRAM based, at least in part, on the prefetch hint. For example, if the
20 prefetch hint indicates a high likelihood that a number of LOAD instructions will have a
monotonically increasing or decreasing address stride, then the PF logic may transfer a
block of cache lines into cache to increase the likelihood that requested data is stored in
cache. The DRAM may be part of the cache hierarch and/or an element of bulk memory.
In addition, the SRAM may reside at nearly any level of the cache hierarchy.

25 Fig. 7 illustrates a cross-sectional view of a semiconductor device 700 in
accordance with an embodiment of the invention. Device 700 may include a package 702,
die 728, die 730, and die-to-die vias 726. One or more bumps 704-1 through 704-N
(collectively referred to herein as “bumps 704”) may allow electrical signals including
power, ground, clock, and/or input/output (I/O) signals to pass between the package 702

30 and the die 728. Die 728 may include one or more through-die vias 706 to pass signals
between the bumps 704 and the die 730. The device 700 may further include a heat sink
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Referring to process bl ock 606, the PF logic transfers two or nore cache
lines froma DRAMto an SRAM based, at |least in part, on the prefetch hint.
For exanple, if the 20 prefetch hint indicates a high likelihood that a
nunber of LOAD instructions will have a nonotonically increasing or
decreasing address stride, then the PF logic may transfer a block of cache
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Devi ce brdositegn (Stlayere’ 18, prediagSi oer 71 endpgictalsiacly 3ot Bird/@ireay o- di e vi as
726, O]ﬁclﬂ%gﬁqge?al QﬁEiP?%J At i&é‘éiﬁgﬁ? 7894 (5l !;f‘l%gér‘b‘%hy A&LERLgd to herein
as "bunps may alTdw electrical si’gnal's 1'ncluding power, ground,

cl o6k, HEpd,die viapiad muy pahm@hic@y vaitlgthaldgst7a8 pad 33 hetrowdrtht hetdpanklage 702
30and the diie 728. Di.e 728 nmay .include_ one or re thrgugh;die vias 706 to

pass si diidind "BetRRASAIYHE Biafsdntrsimeiadiered ma@r@é@}mm adigi’ed b may
furtherehngllde Bsheatinshika m%gg)& Qe@bd @}%{:}L&‘r a7ﬂh§(§h %@%és?ﬂleﬁforggé\ﬁé ted heat

by the die 730 and/or device s 728 an 30 may 1 ncl ude
var i ousinfl alyer¥). mEpmcbxlawpt er mdieprd@Bsoraprdsrotiiodehaedaod tkiwid ¢aches. (SI) | ayer
710, an active Si layer 712, and a netal stack 714. Die 730 may include a
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be used to communicate signals between the various dies (e.g., such as discussed with

respect to the vias 726 and 706).

Elements of embodiments of the present invention may also be provided as a

machine-readable medium for storing the machine-executable instructions. The machine-

20  readable medium may include, but is not limited to, flash memory, optical disks, compact
disks-read only memory (CD-ROM), digital versatile/video disks (DVD) ROM, random
access memory (RAM), erasable programmable read-only memory (EPROM), electrically
erasable programmable read-only memory (EEPROM), magnetic or optical cards,
propagation media or other type of machine-readable media suitable for storing electronic

25  instructions. For example, embodiments of the invention may be downloaded as a
computer program which may be transferred from a remote computer (e.g., a server) to a
requesting computer (e.g., a client) by way of data signals embodied in a carrier wave or
other propagation medium via a communication link (e.g., a modem or network

connection).

30 It should be appreciated that reference throughout this specification to “one

-



15t he sanme device or system In such an enbodi nent, die-to-die and/or

t hrough-di e vias nay be used to communi cate signals between the various
dies (e.g., such as discussed with respect to the vias 726 and 706).

El emrents of enbodi nents of the present invention may al so be provided as a
machi ne-readabl e medi um for storing the machi ne-executable instructions.

The nmachi,ne- 201 eadabl di um ma ncl u is not limted to, flash
rermor y HREIEER (i SRehedapeh, ML L R SRR FEBOROY | d gi t
ver sat i djafa¢teigde &’és%ﬁ%cﬁ@‘é@)mé@% WiANHOBMBSERSH BN (IRAMbast Bh@sabl e
programuabl e read-only nmenory (EPROM, electrical I({\; er asabl e programmabl e

r ead- ordnybadmenty!f (HEEPREM invertipne tliherefereoipts asethasizediand %hpbkdd@atl on nedia or

ot her t i_ne-reada e f.or.storin ctronlc 25

i nstr uc%’E{)eﬁéate%?ﬂ PG U ISR Wﬁgﬁﬁsgr%n%e@?ocﬁlﬁgml S0 e BRI r% “HoWn! oaded
as g CoiMRHiadiie BhBadiARh A &hri G oBgors B fiE§ §FdcETafi6r0Medot ﬁmmngomut er
(e.g., a server) to a requesting conputer (e.g a client) by way of data
si gnal sretrtiesiiodte samecrabadiment. \é‘ﬁée@wr@ﬁh@?a@?‘é%@&tﬂlﬁ@nStﬁaééHr%ﬁ’fv| a a
comuni K r uld be
cppr o0 Srea st Wt & dm R ROBAL 1 Bl oo E BRRPEL P on O R

enbodi nent" or "an enbodi nent” rreans that a particular feature, structure
or char act erSistlady,deswoul disdthpprectaaethibat inadie ﬁiregmiﬂgmesemwwcrfent is i ncI uded
in at | east. one embodi nent of thef}gtresent i nvention. a‘her ore, it

enphasi SRPIHRS FHWBB“%BF‘%‘&‘?SJ HrSE Rk SOMGEISE SFPEd f é}ﬂ:@e@n@s an
emygdi BHodifént, BRLe, Qﬁda@éyn?)'ﬁaﬁ theRlof f&Qhéﬁﬁrﬁa6§éT§tskr%§fnﬁﬂQg%é@ﬁ’@losdré‘ various

portions of this Specification are not necessaril y all referring to the
sane ermbag metht undkustamdngrof @ne theoq@@f thecwrigps fneantureaspects. rds megwdor
tho | nyBHLT i, AoV BGiERR, e e pr il T S G PRl R CRETRRIN Re ~ ©

f or egoisngjcetas fitdr Péjudds ﬁforeefmm%srtﬁm Sre @kprickidy tdauedin «oh cMahi Rlaﬁlef eaat ur es are
sonetimes grouped together in a single 10 enbodi nent, figure

descri b¢ OYVPI‘&@@msfréﬂeqtaﬁéVWB@%%fh%ﬂﬂ@émaﬁﬁﬂlﬁ@atﬁlﬁ’é 08P§%1|g1§sure ai di ng

i nithe i r r ts. This
ot fod o Earal s RethoRREn THER e Bhirh AU (MBI IARREE: Dy an

i nt ent iberebly kapretdhe incbgioneel mnb;hmdetmﬂtdescnpﬁqm res nore features than are

expressly recited in each claim Rather, as the followng clains reflect,

i nventive aspects lie in less than all features of a single 15foregoing

di scl osed enbodi nent. Thus, the clains follow ng the detail ed description

are



her eby expressly incorporated into this detailed description. CLAI M5 Wat
is clained is: 1.An integrated circuit conprising: a first die to be
stacked with a second die, wherein a through-silicon die-to-die via is
coupl ed between the first die and the second die, the first die having: a
static random access nenory (SRAM; a bus; and a plurality of
processor (@3S coupl ed to one another by the bus, the plurality of
processor cores to further couple to a dynam c random access nenory (DRAM
of the sedBhaliti¢leimaddst he bus and the through-silicon die-to-die via,
wherein the bus to experience a | evel of usage by the plurality of
processors, the plurality of processor cores having a first processor core
i ncl udi ng:1. an lAn ieRghfsd circuit cohipsikindCt i on processing logic to generate a
prefetch hint associated with a first [oad instruction, wherein the

i nstruction pradessiia bogidked yigensearddienwhereirathenghisiiconi¢-tosdisnse t o
detecting i i i - hi t I.-nt. representing a
| evel of g%ﬁffd %%g&%hggl@ﬁgﬂ%?ﬁ%%¥§&?%%ﬁn§Hg??%gﬁgﬁﬁgh%h@%equent to the
first |oad instrtatiranoar &ctiskedyory gSRAMIest data from a sane cache page,
the instruction processing logic further to send the prefetch hint in
response to a ﬁ#§§28> the Li cache; and prefetch | ogic coupled to the

i nstruction pr i i i anot her
the 1 ovel of ol B o o o R g DL ot on

of the | evéprogéssoserges toxpehiranopld thy dyhanisusndanhecqesemetmoty (RRYAM)falirt her to
det erm ne,, based, on th onpar,i whet her or. not..to. prefetc at and
where  noU 5 BFELTe o e HBVRF P o pe B R tienoats s PReRr Bedirol ogi c
further texderiensd £level\Bf Q¥agbDyehé dalglitk| oT§ 0dk R, aRe PRENItPITPrddesidne DRAM
to the SRAM wherein data of the two or nore cache lines 1s transferred by

way of theorehhaigma st prasassdr eore dnadidingii a and the bus, wherein the DRAM
provi des a Ievg%L?Ea %Che and the SRAM provi des a next higher |evel of
cache. 2.The integrated circuit of claiml, wherein the two or nore cache

lines -9- conpiisgedioa @agssiaf 10EHE0s genedate hgefetvheigninisokigted euitt a Gfstcl ai m 1,
the plur aloiaa%ns%fucg(?r{, %vshe];elfrrl Edpeei;lstrr]&\{iiog%r(?cegs?ggo lrg)%ic to generate the prefetch hint
in response to detecting an instruction pointer history, the prefetch hint representing a
level of confidence that two or more load instructions subsequent to the first load
instruction are likely to request data from a same cache page, the instruction
processing logic further to send the prefetch hint in response to a miss of the L1
cache; and
prefetch logic coupled to the instruction processing logic, the prefetch logic to
compare to one another the level of confidence represented in the prefetch hint and an
indication of the level of usage experienced by the bus, the prefetch logic further to
determine, based on the comparing, whether or not to prefetch data, and where the
prefetch logic determines to prefetch data, the prefetch logic further to transfer two or
more cache lines from an open page in the DRAM to the SRAM, wherein data of the
two or more cache lines is transferred by way of the through-silicon die-to-die via and

the bus, wherein the DRAM provides a level of cache and the SRAM provides a next

higher level of cache.

2. The integrated circuit of claim 1, wherein the two or more cache lines

-9.



core including: an second Li cache; second instruction processing

|l ogic to generate a second prefetch hint associated with a second | oad
instruction representing a second | evel of confidence that two or nore | oad
i nstructions subsequent to the second |oad instruction are likely to
request data froma sanme cache page, the instruction processing |ogic
further thﬁ@ﬁgmhﬂﬁfg%gﬁﬁguﬁyefetCh hint in response to a mss of the
second Li cache; an§ second prefetch | ogic coupled to the second
instruction processing logic, the second prefetch logic to conpare to one

anot her the secgond | evel of confidence represented i.n the second pr.efetch
ot and an § ndreare Sl QL e Ber BRI S s Ul EnBRa e P bus.

t he pref etcoke ih@gdi@ef urther to transfer, based on the conparing, two or nore
ot her cache |ines ?ron1an open page in the DRAMto a second SRAM the
transferring t##8sesp8ddsd gashe ot her cache lines via the through-silicon
die-to-die via, : L.nte i i i erern.t first
processor coresﬁﬁéﬁulegu% é‘%h%kgﬂgfléﬁg #hg%g%g e %FP%@ilgggj%ﬁ§FW|l

wher ei n t assoblRAN! winhrjardes@sl wiall Knstriztoy représentliie a isaé@drlat €@ bfcdonfidédceof cl ai m

1, wherein the level of cache.,is an L3 cache and the npext higher_|evel of
cache is HKtFPO LapIREe loag Insyetiongsupreqeni te fhecgpanddpad insithston aipdkelyn each
of the plw aldubst Rfa RHRCEISNE cﬁ&{eﬁ?agepﬁleuﬂgﬁu@ioh‘éﬁ[?@e%&ih Godit ol 09i C.
8. The integrated circuit of clal , Wherein the proceSsor core conprises
a gr aphi csermgighe second prefetolehind th weprmse & augiss of the seoartdnL i ceshe;ratdi on
processing logic of a first .processor .core enerating a prefet.ch_hint
associ at ed mﬁtﬁ“@n?5§ﬂ£$ﬁj?$géPW§ﬁ?%fHE’*??@f“ﬁ?3%5?§%P“§§P§1?%81Gﬂing an
Li cache, savagd girefeehf lobkt tdlc@mpPa¥i 8ot Bhdth@! iheYsc@bnP1SLE DS VonfPERE
including the first processor core is stacked wth a second die, wherein a
t hr ough- srapressnted iie theosegprd piedetels hing apd ed indicstwaroittheccpnd devetipbusagd t he
second di i I i f. r I to not her by a
us of ¢ nEMerPEEAR P BE A Beldch BicTBHER BNk RGP ISR RITIE,

coupl ed t ov@otlyvanviber edetlo tinac fremsaEpenr pagé DR DRIAM he asecddSRIARL by t he
bus and tﬂg through silicon die-to-die via, wherein the bus experiences a
| evel of é@aé‘S%WQ&glep‘i“@r%ﬂ mple efheisachedings ¥1a thydhigaghssidicpm dic-ioedipr ef et ch
hint in rggponse to detecting an instruction pointer history, the prefetch
hint representing a | evel of confidence that two or nore | oad instructions
subsequent to the first load instruction are likely to request data froma

sane cach age, . _ . . .
§ Pa9fye integrated circuit of claim 1, wherein the first processor core includes the

SRAM.
3. The integrated circuit of claim 1, wherein the DRAM comprises bulk memory.
6. The integrated circuit of claim 1, wherein the level of cache is an L3 cache and

the next higher level of cache is an L2 cache.

7. The integrated circuit of claim 6, wherein each of the plurality of processor

cores includes a respective prefetch logic.

8. The integrated circuit of claim 6, wherein the processor core comprises a

graphics core.

-10 -



In response to a cache mss of the Li cache, the instruction processing

| ogi c sending the prefetch hint; and with prefetch logic of the first
processor core: conparing to one another the |evel of
confidence represented in the prefetch hint and an indication of the |evel
of usage experienced by the bus; based on the conparing, determning

whet her org not Ameﬂ{(ﬂf@h@ﬁsﬁl@'g a; and I n response to determ ni ng
to prefetch data, transferring two or nore cache |lines froman open page in

the DRAM to a SYi#h ilestiughebrirecessisg lagigoel) a( SRANJroedssatheorki rgenerdiieg anher ei n
data of t e 1in i .ransferred by way of the

t hr ough-s irh??%% g |te¥?(%?%§cg%{%ﬁaa izﬁ)ﬁgﬁ?ﬁ%@cﬁ%% Eﬁe ﬁlﬁgt pﬁchs%tcﬁrgdm‘c‘)]flalggaqnm 9,
wher ei n t Hd ¢eligl windreinanfiisteirdaving Oplaradity bhp@eeRor tareeinéhldugsSthe fikdt: The
met hod of claim 10, wherein the three or nore values conprise high, medium
and | ow. POcesIos camstinglacksd g pseond dice bprgin ¢ Hineyedrsilicny dierto-digo vl nor e

coche | EEOais ol e SHeR RS, RN SO o Lol 19
wher ei n t reudRAM congnoiteedy lahuk offereofingt ditdandTieereiattho pluedlitg bAteredarewher ei n
the, DR it des ool oh SaEle, I A SIS IR LG fL55! 9©
the bus and the through silicon die-to-die via, wherein the bus experiences a level of
usage by the plurality of processors, the generating the prefetch hint in response to
detecting an instruction pointer history, the prefetch hint representing a level of
confidence that two or more load instructions subsequent to the first load instruction
are likely to request data from a same cache page;
in response to a cache miss of the L1 cache, the instruction processing logic
sending the prefetch hint; and
with prefetch logic of the first processor core:
comparing to one another the level of confidence represented in the
prefetch hint and an indication of the level of usage experienced by the bus;
based on the comparing, determining whether or not to prefetch data;
and
in response to determining to prefetch data, transferring two or more
cache lines from an open page in the DRAM to a static random access memory
(SRAM) of the first die, wherein data of the two or more cache lines is transferred by

way of the through-silicon die-to-die via and the bus.

10. The method of claim 9, wherein the level of confidence is one of three or more
values.
11. The method of claim 10, wherein the three or more values comprise high,

medium, and low.

12. The method of claim 9, wherein transferring the two or more cache lines from

-11-



a second die stacked with the first die, wherein a through-silicon
die-to-die via is coupled between the first die and the second die, the
second die including: a static random access nenory (SRAM; a bus; and

a plurality of processor cores coupled to one another by the bus, the
plurality of processor cores further coupled to the DRAM via the bus and

t he throu%@ehipgggiﬁh@mrqicgnﬂi%s:Wnerei n the bus to experience a | evel
of usage by the plurality of processors, the plurality of processor cores

i ncludi ng a fi tensfpriogasache page dronathiersgen aagelin thebRAM.
instruction processing logic to generate a prefetch hint associated with a
first load instruction, wherein the instruction processing logic to

generate tBe prakeletivdiMlaiin®, KeeRMER DRANBE®REHisgbER rdiséryuct i on poi nt er
hi story, the prefetch hint representing a | evel of confidence that two or

nore | oad instructions subsequent to the first load instruction are likely

to requesydat gyl LOM A AR CAGIEARER DIRR HBSLEYE 148N LaGeSSi Ng | 00l ¢

further to sen pre hi'nt T n respon 0O amss o e Li cache;
and prefetch | ogic coupled to the instruction processing |ogic,
t he prefeggh Iggic to conpare to one another the |evel of confidence
represent ed i Nt WECPH FUEHE i nt and an indication of the |evel of usage

experienced by,lng dRUSclulifg RIREAT SRl aEedsiihREy IR ASHELM ne, based on
t he conparing, whether or not to prefetch data, and where the prefetch

| ogi ¢ det er m nesecood preedtacketh wdtht the first digymdiertiic b throggtesificort diettodee vinansf er
two or nore ca | i nes from.an en _page..in, the M.t 9 t.he SRAM wherein
data of tHe™ R%Q%wf?ﬁ? i"ec{élréﬂ%e IaP‘i’?@? ngo rck\%glﬁf‘e?%@ce@’ﬁ IWQ'?&B% the through- -
12 - silicon die-t @s@ii€randamaibess heenis (SRANWherein t he DRAM provi des a

| evel of cache and the SRAM provi des a next higher |evel of cache. 16. The

system of claim 15, akhe@8dn the two or nmore cache |ines conprises a page of
e 10, ThE el S B B AU D BBLP, L IE 01 70
plurality of processor cores further coupled to the DRAM via the bus and the through-
silicon die-to-die via, wherein the bus to experience a level of usage by the plurality
of processors, the plurality of processor cores including a first processor core having:
an L1 cache,
instruction processing logic to generate a prefetch hint associated
with a first load instruction, wherein the instruction processing logic to generate the
prefetch hint in response to detecting an instruction pointer history, the prefetch hint
representing a level of confidence that two or more load instructions subsequent to the
first load instruction are likely to request data from a same cache page, the instruction
processing logic further to send the prefetch hint in response to a miss of the L1
cache; and
prefetch logic coupled to the instruction processing logic, the prefetch
logic to compare to one another the level of confidence represented in the prefetch
hint and an indication of the level of usage experienced by the bus, the prefetch logic
further to determine, based on the comparing, whether or not to prefetch data, and
where the prefetch logic determines to prefetch data, the prefetch logic further to
transfer two or more cache lines from an open page in the DRAM to the SRAM
wherein data of the two or more cache lines is transferred by way of the through-

-12 -



second instruction processing logic to generate a second prefetch hint
associated with a second | oad instruction representing a second | evel of
confidence that two or nore load instructions subsequent to the second | oad
instruction are likely to request data froma sane cache page, the
instruction processing logic further to send the second prefetch hint in

response tsilicdnndisto-gi Vihans aeomng, bad GAERE: the TRAM provaRS Andvdigfeatieh | ogi ¢
coupled to the second instruction processing |logic, the second prefetch

| ogi ¢ to cOfpke TRAY priewidgnanperhighes leyebefrdchevel of confidence represent ed
in the second prefetch hint and an indication of a second | evel of usage
experienced by the bus, the prefetch logic further to transfer, based on

t he conparliong, Theaystemradictaimtisewheihte v 88 mofOeachs lingeidnipi3es 4 pagehe DRAM
to a second SRAM the transferring the two or nore other cache lines via
the throudhfM9%on die-to-die via. 18.The integrated circuit of claim 15,
wherein the processing core conprises a graphics core.

18.  The system of claim 15, the plurality of cores further having a second core
including:
an second L1 cache;
second instruction processing logic to generate a second prefetch hint
associated with a second load instruction representing a second level of confidence
that two or more load instructions subsequent to the second load instruction are likely
to request data from a same cache page, the instruction processing logic further to
send the second prefetch hint in response to a miss of the second L1 cache; and
second prefetch logic coupled to the second instruction processing logic, the
second prefetch logic to compare to one another the second level of confidence
represented in the second prefetch hint and an indication of a second level of usage
experienced by the bus, the prefetch logic further to transfer, based on the comparing,
two or more other cache lines from an open page in the DRAM to a second SRAM,
the transferring the two or more other cache lines via the through-silicon die-to-die

via.

18.  The integrated circuit of claim 15, wherein the processing core comprises a

graphics core.
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