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" ADDRESS DI SCONTI mm'“wmmw FI ELD OF THE | NVENTI ON The pr 5 M&V\@gﬂz on
relates to infor ng systens and net hods for operati

i nformation handling.gystens and, nore particularly) to apparatuses and

met hods for |oading cache nenory in an information handling system having a

mul titasking op m BACKGROUND OF THE | NVENTI ON As
M croprocessor wmﬂmnﬁwmmmm rocessing uhit (CPU) operating systens begin to
n

ely on multitas tandard neans of operation) the external data
bus bandwi dth, i.e. “?ﬂe data bus coupling the CPU to other units in an

i nformation handllng systen) becones the system performance bottl eneck
during a task switch. As hereinafter used, the term"task"” shall nean any
separate program sequence or set of instructions. Typically) a task is
considered to be any separate program sequence that |lies beyond the current
i pages of operation. For exanple, i could be 2 or 3 pages. A task is an

oper at } ng syst emI ( CﬁRErdki@:pmr@hd:m menﬁcmrkpmcnmmbn%tsssal gct ihvi ty.
By perform ng nultitasking or an can bot

di stribute CPU 1 ~r MAY 20déy%éégtgggpgiwgﬁgTéggract|ve) as well as
batch) basis and increase CPU t hroughput and utilization. Each application,
when running on a CPU, is nan fﬁﬁ tasks. That is, the OS
assigns and di spatches a fini gﬁﬁéﬁggr 0 Fgégé ?%ﬁfounterpart functions as
specified by an application or applications. Usually, the nunber of tasks

I's significantlynd 655e 4E8R€ iﬂ@eﬁ%‘f??r Pélét’é‘&ttan‘?nfBPﬁQ{uQM aHRh§§8higONs

to be concurrently ‘execut ed al so fermed a process, is. execution.
As a task BYSEARResandxBetRRds stER%. IPRrAEIRE ofn orpakiern qdhandddng

act |k Vi ty (@pytem‘tazy@, MEté i nlgareicdiuaéfpyi) tot apSaveetses MBAUS epb8hbas of a
tas |

t trol_ bl ocks t h
its by |t2855r H 1¥%I:f%ﬁ$€ m%ﬁé?éohpc%ﬁgt+ ?rq%tﬁ%§|ﬁFggfnlln s

utilizati dmvibogea tmsktihaskingecoperating system.

BACKGROUND OF THE INVENTION

As microprocessor or central processing unit (CPU)

operating systems begin to rely on multitasking as a

standard means of operation, the external data bus
bandwidth, i.e., the data bus coupling the CPU to other

units in an information handling system, becomes the system
performance bottleneck during a task switch. As hereinafter

(- used, the term *tas® shall mean any separate program
sequence or set of instructions. Typically, a task is
considered to be any separate program sequence that lies

beyond the current i pages of operation. For example, i

could be 2 or 3 pages.

A task is an operating system (OS) dispatchable unit of
work or computational activity. By performing multitasking
or switching between tasks, an 0OS can both distribute CPU



runping at all tinmes. In aerial machines) this is acconplished by queued
"access. That is, tasks which are ready and awaiting executifrif HE\ kﬁﬂb on a
list called a work or task ready queue. Recurrently, an OS Y 2
schedul er/ di spatcher determ nes which task in the ready queue is next to be
gi ven access to the CPU. In this regard, a running task continues execution
until it either term nates, goes into a wait state (such as caused by
performng I/0O, has exceeded availablZ2 tine, or is preenpted. 14 MAY
2002 3 Multitasking is acconplished by running or processing each task a
little at a tinme, in a round robin approach. As tasks are switched,, new
code is |loaded into an instruction cache nenory. If enough task sw tches
are acconplished since the last running of the original task, the code of
the original task no |longer resides in cache nenory. Wen the task switch
occurs) the code for the original task nmust be rel oaded into cache nenory
just as ifa¢gen@sont arni ninterachireforasheellrsasti hatchhi sbawdiss timet at
each task pyki&ddetBPUCKhEENGhpdat anBUstisipgeded.to [oad the cache. That
is) the code corresponding to the original task is transferred fromsystem
menory via the external data bus to the cache nenory residing within the

i croprocessor . E&RCepH i 6atXkbR( NBheRUBUKAIAYNBHNE @PUSOAR haddlfie®t &y t he
i nternal processor sgeed% thg d%ta rat& fromthe ﬁﬁteragl bus .to the
‘internal cR%e ?5 BAFGr aP8d) CaRESt he prBeEssoPf: cafSt aPP. S PSon 3Rt
appl i es tolsspatskesi at fvritadntmbéy afsbesBEi te cauhterpéahits flunciiiems
cannot presgen - han d_hy } | .pr ni s i t he
nicroproce%%o%ﬁ%%gglﬁétq%ﬁoaﬁmhgﬁﬁgﬁPékgggcggt?ﬁﬁ??gagﬁgggdgrgﬁ%; gaﬁgaused
by each t athke sppmrleari ef gbralyst bsoségpribicantlyndassodbans thee ganban iaf j t
actual |y hapRepSons _ doaghBY 2902 SUMMARYtEEnEHELNVENT! ONoHag itietsan

i nvention provides a solution to processor stalling caused by task switches
by utilizi®eERE®Bus bandwi dth available inmediately before a task swatch
The aspects of the invention take advantage of the avail abl e external bus
bandw dt h, mhicg ogcurs mhfn thg ¥&0§essor is addressing _its internaLrgache
during the proc SS|ﬁ§ of & 88rr &Rt FEsK? TR@°§§55Ctslgf fhe BERAERT ort
predi ct thexeentioask ndesdedthakt heri precraks ezekuvtamd pidl chandes itesk
bef ore {NegpregessorrhgnBLELes BEOCESEhRE Of ol BREGHEREby! 33ka Idhrrent
accordance wth a first aspect of the invention there is provided an

i nf or mat i oRCEAWHEY n§n8Yst aRtd¥Apr Wailkdnda ppschadsedor Hededesdly she

plurality gtataskgetBop PhaghigEsehtibal rdeti ansitaghcha grenpry dotstehytd Ng a
predetern1aed ny o]

mber of saig tasks; task.qu far. storing a task |ist
arranged i e%QEﬁPﬁﬁSPo@FCQI §P8§e§89%5°3rgé8°§?2?9§)0urrent task to a next
task; neans for assigning a task ID to each of said tasks in the task
queue; and meang,fop,pigh ogdi Bﬂusa%x‘éigﬁgktﬁﬁﬁ‘f | hfheS2itd 5AC d&@rgoe
during processing of sald current tas y e’processor, Said means for
prel oadi ngreBABRUsi A§: AbdnstiBesdet er Ahni ngexindnbaackingm.es Wekded® t he
gurrent t agkcamgliBRe8eXby! dakuedUr hBBeBEOCETRART Qls,SHabkE! MWAlcH atke DY
t he processor, sed on_ the task |IDs; and neans responsive to tgg qgans for

a :

det er mi ni nEeRGY aR¢; PURLFINIJuPERGUSABRe8ERNg KEP s 8 acu G y & he
processor,wbhr neesns feaskrel paddyg saudueext taRecutirentdiy] caclie n@®ry
if said nea f,or det.ernni det,erm nes that .t he nunber .of t es bet ween
Lhe' our r onpCRseR i aRaEaPAtRBYr T HEE SR R Bhathe, YARE, AR RS FRRdE]
posi tive idauegeribarygexsntaghbeo mawevarecessaskoswhiech CHUh accloy daties Wi t h
a second asgghbaof al NEuhAYAR! kaBk! BBHE1hReR! Bkkdad dnTelhad of Al RIALAd! ng
cache nenory”in an informatron handl'ing system conprising a processor for
processi ngt@rpiurELFty GPCFadRE0i nda WRGr aftaitei ndsgdt iddhs wanPhe iy
menory forpetebtndng Predster thagd euebedeal bRRAiINANE SaihdEthd is
conprising the s%egs of .

preempted.



storing a task list arranged in a chronol ogi cal processing order froma

‘current task to a next task; identifying the tasks includin S AV
task ID to each of the tasks in the task list; 5 14 %k$ gbgg 2302

determ ning a nunber of bytes between the current task and the next task,
based on the task IDs, before the processor conpletes processing of the
current task; and determining if the nunber of bytes is not smaller than n,
wherein n is a positive integer |arge £nough to indicate a task switch

i ncl udi ng prel oading the next task into cache nenory if the nunber of bytes
I's not smaller than n before the processor conpl etes processing of the
current task. The aspects of the present invention advantageously utilizes
bus bandwi dth avail able i mredi ately before a task switch to prevent
processor stalling. The aspects of the present invention advantageously

predict the nﬁé& i sF to,. be processed, so that the next task can be | oaded
into cache nenory €+ ?PKIBIt S8k2ERBRETBRS  BYATRRRIBE09Ts BRPEESSing
DESCRI PTI ek H&EkDRAW NEDe at a time, in a round robin approach. As

tasks are switched, new code is loaded into an instruction
cache memory. If enough task switches are accomplished
since the last running of the original task, the code of the
original task no longer resides in cache memory. When the
task switch occurs, the code for the original task must be
( reloaded into cache memory just as if it was starting the
task for the first time. This means that at each task
switch, the external data bus is needed to load the cache.
That is, the code corresponding to +the original task is
transferred from system memory via the external data bus to

the cache memory residing within the microprocessor.

Since this external bus is running at some fraction of
the internal processor speed, the data rate £from the
external bus to the internal cache is saturated, and the
processor can stall. This problem applies to set
associative and fully associative caches. This problem
cannot presently be handled by conventional prefetch
mechanisms, since the microprocessor does not know when this
discontinuity in program flow caused by each task switch is
going to occur or what new code is needed until it actually

happens.



Figure 1 is an information handling system enbodying the present invention.

"Figure 2 illustrates a discontinuity in a programof instrudt e 3
is a block diagramof the present invenfion. Figures 4A-4C 20‘%\(2@2

diagramillustrating the operation of the present invention. 14 MAY 2002
DETAI LED DESCRI PTION OF A P SM&WEWWE | NVENTI ON A

representative hardware envi r I he present invention is
depicted in Figure 1, which illustrates a typical hardware configuration of

an information handling system having a nmultitasking operating systemin
accordance wi tThet presatibpeattionnmentdesrs, sclotiqr itsimgcessorl galling ocrasqat bgetasior or

central proc SSIn unlt ( h o nore integrated data transfer
ini ts 11 SWRGesRY Refang Sohd pimedithon fiheF ymsdialgh DB AIEH DYt hEpe
units SU%@pé%?s QPﬁmeofnvgﬁ’c'icﬁ‘l %&@%thrﬁggéjef % QM&bEh%aPBu@bmH% which

managenent” unit (not shown). I's interconnected via systembus 12 to
random access whemblto/pro&RAkyr 1&4ddnewmg inyerngmeche QROEthd Brocessing efputuront put
(110 ada 18 for, c ectin eri h al devi.ces such as.

Snd 1 ape WA vERS apers 9 16 ool Bredfi s nefldghtces % iferat ek i
keyboar d (2doadBiE@sieBefoRRBE kRIcesBr cothSIERP PRIZEssirz ofaRdb@ter@tRRr USEr

i nterface devices such as a touch screen device (not shown) to bus 12)
comuni cation adapter 34 for ( connecting the |nformat| on handling system
to a data processing network, and display adapter 36 for connecting bus 12
to di splay deJhaecdi8anc€axitiea festoaspect dfitlse Diventpar thersf is tphevidae raal infarmatiept  of
st or age gllerarchl es where.faster but |ess dense nenories are placed closer
to cpU 182ndlng SEEROMRISIHGr e dense or bi gger menories back them up. Cache

nenory 13 may hgiecaans f@ﬂ’prﬁ'@és@mlg%\{ﬂu@hg'foﬁﬁékléﬁgﬁ Figi b gtrubtengi N t he nost
frequently 1 ~r MAY 2002 requested data 10 is stored in a first

U
| evel of cache cmﬁinwowyrferﬁenﬂg ﬁﬁﬁqdefef@w@rﬁﬂ%’e?@}ﬁéé%ﬁa gt data is stored in
a second | evel fre is
stored in a nala(r)ltfa?rlge ry suc %mh%t %\(}lfﬁgl%g{g)gpe%{&g? hgs%og(fj&t(gb 10

When CPUffLCGnaeadsntttwkrtalaeleatlradquest for data or instructions from nmenory,
data transfer units. .11 sear f.or. ddress_of the

dosi red dat a of NHSEF Je EURE ST RTRGoTRIRO b et n b e BTl abi'e a hi
occurs and t he rdaha f@fpﬂel’dﬁﬂmg(shidomb)dt $askriatesdagt Ca&:de mdmdriyaludiag predessing of
instruction is not Q (ilache menory, 13, tthe ﬁ_ﬁg} sonetinmes called a
cache fadfid cugeptpsk by § e@a%q?és%e%?}éjr?‘e% RARCHINBSPBIPIIEYEl s, each level is
searched one at a tigRatdol HetdriiningOf fbthBer dfMbyBRNRNen thBeuRERIRR and the

i nvention,takes advantage of the fact that in nultitasking, each task is

processed a |ithgxétask, duringmsoqessing poeaidicyranit fask hyrihoprocassess bagsd s the sk
circul ar Ilst St%?] KS can be determ ned by watching the tasks run in their
e

current se g%Pr (sjllﬁ/e tg rt ta%%,'? @qtér%ﬁm%?%? a&tﬁ&?ﬁ OIlurtirgbeP%cesfs?r € dtt Cat1&15ks

in a task ?lst ogrcaP processi g or what

t ask showu&eﬁetdslaagemel proeassbﬁ tHE Midans Mo prelodtiingd syitladext itoek. denesauar exaat
i nvention acconpllshes this by | ogking at the next task in the sequence

from t he BRI Hswichmanoa i IFiErmEnG GRiTminsR thi dRe IHBDETIPF BHies baGKEepc
al most fintShefsk and said next task is not smaller than n, wherein n is a positive integer large

enough to indicate a task switch.

In accordance with a second aspect of the invention there is provided a method for
preloading cache memory in an information handling system comprising a processor for
processing a plurality of tasks in a program of instructions and cache memory for storing a
predetermined number of the tasks, said method comprising the steps of.

storing a task list arranged in a chronological processing order from a current task to
a next task;

identifying the tasks including assigning a task ID to each of the tasks in the task list;



Referring now to Figure 2, a programflow diagramis illustrated. Figure 2
“illustrates a first or current task of instructions or prog apag a
second task or next 1 ~ MAY 2002 9 ta8k of instructions ol p 53;29924.
Upon execution or processing of task 12, a task switch or junp comand
occurs in section ] /16 of task 12. The junp command or task sw tch conmand
causes the fl GRCHNININET PURPSIHDYE Paifrpen BechEedgsinmichiierxt Belk bpaed Qihi ch
occurs 2ineaa s nded e piilissor SoAbREANIAIRY o e DBRTRGLR 0 Of det of
|nstruct|ons of prograns has oc , since am of ‘instructions
has ski pped sdeteiraiming #0thamiinjberpedyted i noewvmakat tham nofwl{ettenpf B4 @mlm‘/e

instructions. No discontinuity in_the %foce55|ng of the qran1o

i nst r uct ARYASET darge £BoYEh tedndicate artagkrsvyich; wglwdm& wrswafiwgtthf'en defkaRtograche

i nstruct 1) e I t t I ze
of a | amr HREIRRREE dhALLR nol REaRLERER, tbgi’fé;é%*?zba&’%kﬁi onpges!
exanpl e, panmﬁma§mﬁhupmmmﬁMEkS|ze of the junp, determ nes whether a task
switch has ocguyrre a.switch fron1pro?eSS|ng of a flr%t %ﬁﬁf 12
to a second t sty ?P‘ieﬁ‘a“h‘b‘(ﬁn{l%“ rdGargeashy wkiare PugRingdidGravarblao s
|11 ust ratathefidl 86l Agk aMEiPITRL, di pRREABPASpLNE features of the
present inventio be appreciated that otHher conponents of CPU 10
_are not shown as they are wel I known in the art, and such details are not

necessary for describin resent i.nvent i CPU 10 coupled to pus 12
for transferrifg SAFYT ttf’ %ﬁ%Wvﬁgtl%ngaé‘??@e?%ff m%?towg) Ligakel? BPU 10

and the %{rcﬁ’t‘%EseH 3h iat e ﬂe&?ta‘sl@%ﬁl{ P1oa 88t R CHchOtheRosy Bibr BULR exeétﬂloM AY 2002
10 as RAM nenory 14 or ROM nenory 16 which appear in Figure 1.

i ncludes an internal cache nenory 13 as previously described. Accordlng to
the invention, CPU 10 further includes a task queue 42. Task queue 42
conprises a plurality of task registers 44, 46, 48, 50, 52 for storing a
task list in a chronol ogical processing order froma current task to a next
task. As used herein) chronol ogi cal processing order neans the order in

whi ch CPU 10 processes tasks. As discussed previously, CPU 10 processes
each task a little at a tine in a round robin fashion, neaning that the
order of processing of the tasks can be determ ned by watching the tasks
run in their current sequence) i.e., chronol ogical processing order. Each
entry of task queue 42 consists of a set of registers containing a task ID
54 identifying a particular task, a previous ID 56 identifying the task
processed previous to the particular task identified by task ID 54, the
next ID 58 identifying the next task processed after the particul ar task
identified by task ID 54, and a tinmer value ( 60 indicating the tinme
required to process the task identified by task 1D 54. CPU 10 further

i ncl udes a program counter 62 and a program address generator 64. CPU 10
further includes control |ogic 66 operably coupled to task queue 42, cache
13, program counter 62, program address generator 64, and a bus controller
68, which controls information being sent to or fromCPU 10 via bus 12.



1 ~+ MAY 20U2 11 Control logic 66 nonitors program counter 62 and the
" addresses generated by program address generator 64 to deternine if a

di scontinuity has occurred. If a discontinuity is identifhfq,gmﬁzazﬂgglogic
66 checks task queue 42 to see if the task is a new task. 1f k has
been identified, then a new task |l ocation is allocated by control |ogic 66.
If the task is an existing task, a task control sequencer 66a of task
control logic 66 is pronpted. Task coftrol |ogic 66 maintains the
chronol ogi cal processing order of task queue 42 and controls the | oadi ng of
new data or instructions into cache 13 by following the task list and
checking the cache nenory to see if data or instructions are not present
using a hit conpare logic. If the data is not present in cache nenory 13,
then task control |ogic 66b pronpts bus controller 68 to preload the data
or instructions via bus 12 to cache nenory 13 to thereby ensure a future

cache hit during the perBREEHPHPCREPTHEN Q8 THEt BRAWLINEENnt task. Referring
now to Figures 4A-4C, a flow diagram shows one illustrative nethod and
operation of tgg_ resent jnventipn, The nethﬁg ins in step | 00.. The next
three steps ar h%%%%s ry 8020 ni HREPFIAtI AR Paﬁgngln5¥5§5m169g°éwlng

i nstructi otheysresewtinivventionner is reset) all task registers are reset,
all cycle counts are set to maxi num and the pointers are set to none.

Poi nters are addresses that are the starting |ocations of a task. In step
104, the currenfigaret2riliuabratieso andis¢continvityabhe er pypgram aoif
register. {nN-gigPeidffs. the last physical instruction 14 MAY 20~." 12
address from program counter 62 is set to present physical instruction
fddress. In step 108, the present instruction physical address is conpared
to the last inskigetd0n DHYSI BBbcROGL £§Bam! HESERR pEBsenatdeh@emitiadn.on is
made whether a junp in instructions |arger than n bytes has occurred. Step
110 is used to detect discontinuities in the programof instructions to

t hereby identifpidasé&s. 4A-4te anep asfhov | diggramhahliubytretiagd, the

t her ef ore, i NEENLLY. | e process | ooks to see if the
end of theoggﬁg%%§8té£ky#é %%?gﬁé ¥%§$%5§§§'process path 112. If the
present task end is near, the process |ooks to see if the instructions and
data for the next task are already in the cache. If the instructions and
data for the next task are not already in the cache) it begins prefetching
these instructions and data, accessing the |last used address first. If the
junp is larger than n bytes, as determned in step 110, a discontinuity has
been detected, and the process follows process path 114 to record-the |ast
instruction address and the el apsed tine of the term nated task. The | ogic
next determnes if the identified task is any of the previously recogni zed
tasks. If the identified task is a previously recogni zed task, the logic
reestablishes links to the circular list) that is, the task list, in the
task queue. If the identified task is a new task, the process provides a
et hod for resynchroni zing or reestablishing the chronol ogi cal processing
order arranged in the task |ist. 1 ~r MAY ZQJ~: 13 If the junmp is not
determ ned to be a discontinuity and the process follows path 112, the
process then proceeds to step 116. In step 116, a determ nation is nade
whet her the next pointer is active. If the next pointer is not active, the
process returns to step 108. If the next pointer is active, the process
proceeds to step 118 wherein the contents of the instruction cycle counter
are conpared to the count stored in the current task register. In step 120)
a determnation is nmade whether the cycle count is greater than "count"
mnus k. If the cycle is not greater than "coun~' m nus k, the process
returns to step 108. If the cycle count is greater than count m nus k, the
process proceeds to step 122. In step 122, a determnation is nade whet her
the | ast page address of the next task is stored in cache nenory. |If the

| ast page address of the next task is not stored in cache nenory) the
process proceeds to step 124 wherein the last instruction page is
prefetched fromthe next task register) and then the process returns to
step 108. If the | ast page address of the next task is stored in cache
menory) the process proceeds fromstep 122 to step 126. In step 126) a
determ nation is made whether the |ast page is stored in the cache nenory.
If the last page is not stored in the cache nenory) the process proceeds to
step 128, wherein the |ast page is prefetched fromthe next task register)
and the process then returns to step 108. If the



~ 4 ,MAY 20U2 14 | ast page address is not stored in cache nenory, the
" process proceeds directly fromstep 126 to step 108. If the junp is
determ ned to be larger than n bytes in step 110, and thus a giﬁgggt'ﬁnéty
has occurred and the process proceeds along path 114, the fi'rst ;2
encountered is step 130. In step 130, the | ast physical address and
contents of instruction cycle counter are stored in the current task
regi ster. The process then proceeds td step 132, wherein the |ast pointer
is noved to the current task register. The process then proceeds to step
134, wherein the instruction cycle counter is reset. In step 136) a
determ nation is nade whether the present instruction is wthin mbytes of
the address in any task register. Step 136 is used to determ ne whether the
current task is already in the task list. If the present instruction is not
within mbytes of the address | task register and, thus, the current
task is not alrea ﬁPiﬁﬁN Pﬁé §§33¥bé¥ﬁﬁﬁp ﬂ? ep 138. In
step 138, if the next p0|nter ISCECHEEEIBNHmﬂnKnCeSS proceeds to step 140.
If the next pointer is not active, the process returns to step 108. In step
140, the contents of the next task register are erased) and the process
proceeds to sted l4Zpnererdiatitviee mgxﬁwpmhnwmwﬁnpnmann tfom@macticisiep
144) the CUREeNDRUME! iy dHieY h%.eEJ c%%e@vaﬂ AL BO N [A3Yhicn
ored to

regi ster, e process procee s to ste where t InkK s
the | ast taéll usggiadies | @ t h&wpdselqudagdware wmma_mqn t hef prasent

instructi Oﬂnlf%riﬂatﬂlldh MHRHAS R sy eaﬂwa%slg R ¥ tidsde WO J%r@@ﬂlg

thus, the task is . alread n the t | i st process proceeds to step

48, wher e *¥RESBAPe ACEH é’t? 5 J éﬂve{r}te‘d”f'as‘fé"?%%lt%‘?

hen t he padcasastr ommlg:zto@eats@;r 10 celibrailn priveessdingoiutiiet (CGPUPVER t o
link the c n a C eeds. tep 146) ere
the link i gg'gt?‘ore %i% t"%ql glﬁtte?}%treggl t% %Srﬁfsrf% %ql e%) IS]'n’ ofc;ré% epwz46
t he proces®oret llmha) ot wmmemomlybd@h tatml g mﬂ:ten n\;czsﬁtothe:anmws

advant ages giaye e Aeh il idk o urli €319 lﬂﬂ%%&tﬁﬁﬁ ere| n Mout

vari ous changes, substitutions and a terat|ons can
departing MasRdeRenty und tor(nodoshoym)i-he CRILAQ dif dntargonnegted nela

appended Clsgistem bust 1%%02%31&0%6 Qeeslem inem%ﬁ:yl rxfmmeatlmlg, hesul i ey
system co r|5|n ocC sing.ap Ity. o tazgf Inp a
progr am of %ct(% ?ﬁ: "r?g "‘f(i:e{'S ting(Iijg W nug%]ér of
sai d tasks coalmea;stlmmuwﬁpdmrsalordewg.@st asich iast ddrscangeiks 2Q and tape
chr onol 001 3l JRCRS ! A% OflRy NZ0M delll T CHdAYRS BdUled A%y RGPS
for assigning a ta?k B#%o each of saﬁ% tasks 1 n e task ‘queue;
connecting keyboard 24, mouse 26, speaker 28, m1crophone 32,
and/or other user interface devices such as a touch screen
device (not shown) to bus 12, communication adapter 34 for
( connecting the information handling system +to a data
processgsing network, and display adapter 36 for connecting

bus 12 to display device 38.

Cache memory 13 is one part of the overall concept of
storage hierarchies where faster but less dense memories are
placed closer to CPU 10, and slower but more dense or bigger
memories back them up. Cache memory 13 may have one or more
levels of storage hierarchy wherein the most frequently



means for preloading said next task into said cache nmenory during

' processing of said current task by the processor, said means for di ng
conprising: neans for determ ning a nunber of bytes between ﬂh A&ré ﬁa
task and the next task, during processing of said current task by the
processor, based on the task nms; and neans responsive to the neans for
determ ning for activating, during processing of said current task by the
processor, the nmeans for preloading s8id next task into said cache nenory
if said nmeans for determ ning determ nes that the nunber of bytes between
the current task and said next task is not smaller than n, wherein nis a
positive integer |large enough to indicate a task swtch. 2. The information
handl ing system as recited in claiml1, further conprising a task
controller for controlling preloading of said next tasks into said cache
menory, said task controller including neans for determning if said next
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processi ng of said program of instructions occurring after said first

di scontinuity. , .
In general, the present invention takes advantage of

the fact that in multitasking, each task is processed a
little at a time in a round robin fashion. This means that
circular 1list of tasks can be determined by watching the
tasks run in their current sequence. The present invention
keeps track of the different tasks ln a task list arranged

( in chronological processing order to predict what task
should be loaded in cache memory next and at what time. The
present invention accomplishes this by looking at the next
task in the sequence from the task list and loading the next
task when the current task is almost finished.

Referring now to Figure 2, a program flow diagram is
illustrated. Figure 2 illustrates a first or current task

of instructions or programs 12 and a second task or next



5. The infornmation handling system as recited in claim4, further
"conprising: a tiner; neans for starting said tinmer upon the occurrence of
said first dlscontan|ty and nmeans for stopping said tlner1anN§N$ 2@@2&1
ti mer val ue upon the occurrence of the next discontinuity occurring after
said first discontinuity. 6. The information handling system as recited in
claim1, wherein said task |list conprises entries corresponding to said
tasks, said entries including a tinmer ®alue indicating the time required to
process that particular task. , g _ 1~ MY ~OXZ 7. The information
handl i ng system as recited in claim6, wherein said entries Further

I nclude a previous ID identifying the task processed previous to said
particular task and a next ID identifying the next task processed after
said particular task. 8. The information handling system as recited in

claiml, further %o r|5|n a task controllernLﬁr co troIIing Ioadlng of
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storing a redeternlned nunber of the tasks, sald nethod conprising the
steps of : JtTHITRPELRUERY | LR EHe PHREIFHLDY PFIPH| off cARSBFREELSRAGOET der
froma curgesdrdmsknd® scdexted ASkince the program of instructions has

( skipped section J 20 and jumped to a new section of the
program of instructions. No discontinuity in the processing
of the program of instructions occurs if each section or
instruction in the program of instructions is processed in
order.

The present invention detects the size of a jump in the
instructions from section I 16 +to section AA 18, for
example, and based upon the size of the jump, determines
whether a task switch has occurred, that is, a switch from
processing of a first task 12 to a second task 1l4.

Referring now to Figure 3, further detail of CPU 10 is
( illustrated in block diagram format to encompass the
features of the present invention. It will be appreciated
that other components of CPU 10 are not shown as they are
well known in the art, and such details are not necessary
for describing the present invention.

CPU 10 is coupled to bus 12 for transferring
information, such as data and instructions, between CPU 10
and the other units of the information handling system, such



“identifying the tasks including assigning a task ID to each of the tasks in
the task list; determ ning a nunber of bytes between the current task and
t he next task, based on the task |IDs, before the processor 4C queg
processing of the current task; and determning if the nunﬂeé) mis
not smaller than n, wherein n is a positive integer |arge enough to

I ndi cate a task switch, including preloading the next task into cache
menory if the number of bytes is not ¥aller than n before the processor
conpl etes processing of the current task. 11. The nethod, as recited in
claim 10, further conprising the step of assigning task IDs to the tasks
froma programcounter. 12. The nethod, as recited in claim11l, further
conprising the steps of: nonitoring the program counter for

di scontinuities, in the processing of the program of instructions,

exceeding n bytes; assigning, to a first task, a first program counter
val ue frorf# MRRPAY i erRAHIRLRNY ok WREFRR c2RPeRdr f | #Bt FHPYESnLi nui ty
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processi ngimdludes pragreaslof queue 42. Task gqueue 42 comprises a
plurality of task registers 44, 46, 48, 50, 52 for storing a
task list in a chronological processing order from a current
task to a next task. As used herein, chronological

( processing order means the order in which CPU 10 processes
tasks. As discussed previously, CPU 10 processes each task
a little at a time in a round robin fashion, meaning that
the order of processing of the tasks can be determined by
watching the +tasks run in +their current sequence, 1i.e.,
chronological processing order.

Each entry of task queue 42 consists of a set of
registers containing a task ID 54 identifying a particular
task, a previous ID 56 identifying the task processed
previous to the particular task identified by task ID 54,
the next ID 58 identifying the next task processed after the
particular task identified by task ID 54, and a timer value

( 60 indicating the time required to process the task
identified by task ID 54.

CPU 10 further includes a program counter 62 and a
program address generator 64. CPU 10 further includes
control logic 66 operably coupled to task queue 42, cache
13, program counter 62, program address generator 64, and a
bus controller 68, which controls information being sent to
or from CPU 10 via bus 12.



_instructions, occurring after the first discontinuity. 13. The nethod, as
recited in claim12, further conprising the steps of: providing a tiner;
starting the time upon the occurrence of the first discontifuy

stopping the tinmer and storing a tinmer value upon the occurrence of

next discontinuity occurring after the first discontinuity. 14. The nethod,
as recited in claim10, further conprising the step of providing a task
controller for controlling |oading oftfthe tasks in the cache nenory. 15.
The nethod, as recited in claim 10, wherein the task |list conprises entries
corresponding to the tasks, wherein the entries include a task ID

I dentif~~ng a particular task and a tinmer value indicating the tine
required to process the particular task. 16. The nethod, as recited in
claim 15, wherein the entries further include a previous ID identifying the

task processed $revious to_ the Eartigular task and a next ID .identifying
the next task proRE¥Stdlagier PReMPBIEPESD| aPrPgERM counter 62 and the

CAY[ . A AHS A @B 465 . AgbReAht&dANbP&. Préddtam address generator 64 to

'A9L'A&'Aq§2€g%£\né[s'szRth+E£g¢oétthigy has occurred. If a
discontinuity is identified, control 1logic 66 checks task
queue 42 to see if the task is a new task. If a new task
has been identified, then a new task location is allocated
by control logic 66. If the task is an existing task, a

( task control sequencer 66a of task control 1logic 66 is
prompted. Task control logic 66 maintains the chronological
processing order of task queue 42 and controls the loading
of new data or instructions into cache 13 by following the
task list and checking the cache memory to see if data or
instructions are not present using a hit compare logic. If
the data is not present in cache memory 13, then task
control logic 66b prompts bus controller 68 +to preload the
data or instructions wvia bus 12 to cache memory 13 to
thereby ensure a future cache hit during the period prior to
the end of the current task.

Referring now to Figures 4A-4C, a flow diagram shows

( one illustrative method and operation of the present
invention. The method begins in step 100. The next three

steps are necessary to initialize the method. 1In step 102,

an instruction cycle counter or timer is reset, all task
registers are reset, all cycle counts are set to maximum,

and the pointers are set to none. Pointers are addresses

that are the starting locations of a task. 1In step 104, the

current pointer is moved to the first available or empty

task register. In step 106, the last physical instruction
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occurred. Step 110 is used to detect dlscontlnultles in the
program of instructions to thereby identify tasks. If the

( jump 1is not larger than n bytes and, therefore, no
discontinuity is detected, the process looks to see if the
end of the present task is near by following process path
112. 1If the present task end is near, the process looks to
see if the instructions and data for the next task are
already in the cache. If the instructions and data for the
next task are not already in the cache, it begins
prefetching these instructions and data, accessing the last
used address first.

If the jump is larger than n bytes, as determined in
step 110, a discontinuity has been detected, and the process
follows process path 114 +to record.the 1last instruction

( address and the elapsed time of the terminated task. The
logic next determines if the identified task is any of the
previously recognized tasks. If the identified task is a
previously recognized task, the logic reestablishes links to
the circular 1list, that is, the task 1list, in the task
queue., If the identified task is a new task, the process
provides a method for resynchronizing or reestablishing the
chronological processing order arranged in the task list.
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If the jump is not determined to be a discontinuity and
the process follows path 112, the process then proceeds to
step 116. In step 116, a determination is made whether the
next pointer is active. If the next pointer is not active,
the process returns to step 108. If the next pointer is
active, the process proceeds to step 118 wherein the
contents of the instruction cycle counter are compared to
the count stored in the current task register.

In step 120, a determination is made whether the cycle
count is greater than *count’ minus k. If the cycle is not
greater than “count’ minus k, the process returns to step
108. 1If the cycle count is greater than count minus k, the
process proceeds to step 122.

In step 122, a determination is made whether the last
page address of the next task is stored in cache memory. If
the last page address of the next task is not stored in
cache memory, the process proceeds to step 124 wherein the
last instruction page is prefetched from the next task
register, and then the process returns to step 108.

If the last page address of the next task is stored in
cache memory, the process proceeds from step 122 to step
126. In step 126, a determination is made whether the last
page is stored in the cache memory. If the last page is not
stored in the cache memory, the process proceeds to step
128, wherein the last page is prefetched from the next task
register, and the process then returns to step 108. If the
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last page address is not stored in cache memory, the process
proceeds directly from step 126 to step 108.

If the jump is determined to be larger than n bytes in
step 110, and thus a discontinuity has occurred and the
process proceeds along path 114, the first step encountered
is step 130. In step 130, the last physical address and

( contents of instruction cycle counter are stored 1in the
current task register. The process then proceeds to step
132, wherein the last pointer is moved to the current task
register. The process then proceeds to step 134, wherein
the instruction cycle counter is reset. In step 136, a
determination is made whether the present instruction is
within m bytes of the address in any task register. Step
, 136 is used to determine whether the current task is already
in the task list.

If the present instruction is not within m bytes of the
address in any task register and, thus, the current task is
not already in the task list, the process proceeds to step

( 138. In step 138, if the next pointer is active, the
process proceeds to step 140. If the next pointer is not
active, the process returns to step 108. In step 140, the
contents of the next task register are erased, and the
process proceeds to step 142, wherein the next pointer is
reset to none. In step 144, the current pointer is moved to
the first available empty task register, and the process
proceeds to step 146, where the link is stored to the last
task register in the task queue.
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If the present instruction is within m bytes of the
address in any task register and, thus, the task is already
in the tagk list, the process proceeds to step 148, where
the current pointer is moved to the identified task
register. Then the process proceeds to step 150 wherein the
next pointer is moved to link the current task register, and
the process proceeds to step 146, where the link is stored

( to +the last task register. After completion of step 146,
the process returns to step 108.

Although the present invention and its advantages have
been described in detail, it should be understood that
various changes, substitutions and alterations can be made
herein without departing from the spirit or scope of the
invention as defined in the appended claims.



66698<9<: <; <aSE7G 10 10 10! ~Y(' 10%& ()- 'f s' 109%& ()- 10%6& ()-" 10%6& ()-F
' 106G 10GG <H<K<?* B+B, B- B=B} 0aS47" 910%%' ()-3 10 10 10! a% 10% ()-! @
“U100& () -1 10%6& ()- ! 1098 () - F=B@BCESFGE&ZXJ<47 10GG 10GGE

"10%GG8 ()-"!aY's' 109%& ()-! "10%3G& ()- !1Y 1 % MAY 2002

L' 109%: () - @0%S& () - GBGGYH KNWM PB47 10nhnh

10nhnh! N6 * 109%hnh& () - FI f' 100h& ()-F ! 10% h& () - @10% h& () - 3" &10%

h& ()-F 10GEAVMVWOPPPPoaSE7 10nhnh - 16 -
CLAIMS
1. An information handling system comprising:

a processor for processing a plurality of tasks in a program of instructions;
cache memory for storing a predetermined number of said tasks;
a task queue for storing a task list arranged in a chronological processing order
from a current task to a next task;
means for assigning a task ID to each of said tasks in the task queue; and
means for preloading said next task into said cache memory during processing of
said current task by the processor, said means for preloading comprising:
means for determining a number of bytes between the current task and the
next task, during processing of said current task by the processor, based on the
task IDs; and
means responsive to the means for determining for activating, during
processing of said current task by the processor, the means for preloading said
next task into said cache memory if said means for determining determines that
the number of bytes between the current task and said next task is not smaller than

n, wherein n is a positive integer large enough to indicate a task switch.

2. The information handling system, as recited in claim 1, further comprising a task
controller for controlling preloading of said next tasks into said cache memory, said task
controller including means for determining if said next task is stored in said cache memory
before said processor completes processing of said current task, said task controller further
including:

means for checking said task list to determine if said list contains an entry
corresponding to said next task; and

means for comparing said task ID of said next task to said task IDs already
assigned to determine if said task ID of said next task is within m bytes of said task IDs

already assigned, wherein m is a positive integer smaller than n.



1 104| 4| 104| 4| 104|4|!!10%| 4| & ()-!N

"M 10% | & () - &Fs10%4| & () -, #@0%| & ()-1 10nhnhPPPPQQRa?aSE7

10nhnh! d* 10%@& ()-![ " 100& ()-"10%@ & ()-310%@& () - 10%& () -{ 4OHEY(IBBRRSS
* VWWX6aSE7 | 'Vs' "109%@@& ()-s' "10%@& ()-!F Y310v@@& ()-!F

Y310%@@& ()-!["10%@8& ()-![" 10%&' () - WANANKXXXUV77

1 f10907& ()- @ 10907& ()-1090& () - @1099& ()-1 10@@ 10@@

10@@ Vs' " 109%@’ () - XCYYYZnZZaBuvr7 | -17-

109a7&' ()-1"1094& ()-! CF"109%& () - F" 109 _

& ()-109%& ()-"1090& ()-ZZt[[[\r\dEUV77 !s' mlO%WI& ()-% 10%& () -
s$1000& ()-"1090& ()-"109F& ()-mova& ()-r\\U]1]]]] _~bC7 ! #10%& ()-S
10%& () - The information handling system, as recited in claim 1, wherein said means for

assigning a task ID comprises a program counter and means for assigning task IDs based on

said program counter.

4. The information handling system, as recited in claim 3, wherein said means for
assigning further comprises:

means for monitoring said program counter for discontinuities, in the processing of
said program of instructions, exceeding n bytes;

means for assigning, to a first task, a first program counter value from said
program counter upon the occurrence of a first discontinuity in the processing of said
program of instructions; and

means for assigning, to a second task, a second program counter value from said
program counter upon the occurrence of the next discontinuity in the processing of said

program of instructions occurring after said first discontinuity:.

5. The information handling system, as recited in claim 4, further comprising;:
a timer;
means for starting said timer upon the occurrence of said first discontinuity; and
means for stopping said timer and storing a timer value upon the occurrence of the

next discontinuity occurring after said first discontinuity.

6. The information handling system, as recited in claim 1, wherein said task list
comprises entries corresponding to said tasks, said entries including a timer value

indicating the time required to process that particular task.
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9. The information handling system, as recited in claim 1, further comprising means for

determining if said next task is stored in said cache memory before said processor completes

processing of said current task.

10. A method for preloading cache memory in an information handling system
comprising a processor for processing a plurality of tasks in a program of instructions and
cache memory for storing a predetermined number of the tasks, said method comprising the
steps of:

storing a task list arranged in a chronological processing order from a current task to
a next task;

identifying the tasks including assigning a task ID to each of the tasks in the task list;

determining a number of bytes between the current task and the next task, based on
the task IDs, before the processor completes processing of the current task; and

determining if the number of bytes is not smaller than n, wherein n is a positive
integer large enough to indicate a task switch, including preloading the next task into cache
memory if the number of bytes is not smaller than n before the processor completes

processing of the current task.

11. The method, as recited in claim 10, further comprising the step of assigning task IDs

to the tasks from a program counter.

12.  The method, as recited in claim 11, further comprising the steps of:

monitoring the program counter for discontinuities, in the processing of the program
of instructions, exceeding n bytes;

assigning, to a first task, a first program counter value from the program counter
upon the occurrence of a first discontinuity in the processing of the program of instructions;

and
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assigning, to a second task, a second program counter value from the program
counter upon the occurrence of the next discontinuity, in the processing of the program of

instructions, occurring after the first discontinuity.

13.  The method, as recited in claim 12, further comprising the steps of:
providing a timer;
starting the time upon the occurrence of the first discontinuity; and
stopping the timer and storing a timer value upon the occurrence of the next

discontinuity occurring after the first discontinuity.

14.  The method, as recited in claim 10, further comprising the step of providing a task

controller for controlling loading of the tasks in the cache memory.

15. The method, as recited in claim 10, wherein the task list comprises entries
corresponding to the tasks, wherein the entries include a task ID identifying a particular task

and a timer value indicating the time required to process the particular task.

16. The method, as recited in claim 15, wherein the entries further include a previous ID
identifying the task processed previous to the particular task and a next ID identifying the

next task processed after the particular task.



