WD 2004/ 095282 PCT/ GB2004/ 001586 1 ACCOUNTI NG METHCD
AND LOG C FOR DETERM NI NG PER- THREAD PROCESSOR

WOREHOORCE UTI LI ZATION I N A SI MULTANEQUS MULTI POHRBADED01586
(SMI) PROCESSOR BACKGROUND OF THE | NVENTI ON Techni cal
Field The present invention telates generally to
processors and conputing systens, and nore
parti cularly, to a sinultaneous nulti-threaded (SM)

cdVuiEfins %Tnoghgmﬁ’ 19888 trok iR Rl AR N Sk~ &ﬁkﬁﬂnehé&sson RESOURCE

processor usagd accounti n stens. Descri | ONn
t he UREF"&%’*&‘EIONIW Pr SRUHTANEQYS H%@HI THBEYCER ééﬁg’s &F Sssox

i nclude the capability of sinultaneous execution of

i nstructions, spegutatiowfn @FCes 180maRdul 0adi ng  of
i nstructions and si nultaneous operation of various

resources within a processor. In particular, it has
Techdenl ftiedd desirable to nanage execution of one or
nore threads within a processor, so that nore than one

E)e(g[g%ﬁ%%%eﬁ% :}'ré’l%e 1gg¥réi§1%e§ ané’ﬁ%Sé@ rpx@BQsIs%QstJi@T computing
ey ar |

sYstRed RS FO5F r@rél‘f%"’%&a}ﬂ téréi" c?ﬁmulrtc?élggés(sof“ %s_l)églns dy &M
prodeaior - iitehptérenpr oblee it of ah%hé@f s H%IHrPBF%‘SOFhF%a&&s
acc¥irdiaghdfsdumgs e state switch from execution of one

thread to execution of another thread. Such

processors are knovvn as hardware multi-threaded (HM)
Des th = , can provide a hardware

switch betvveen execution of one or the other thread.

An tME Q86 S5Qh - suear SATessddse ihdlnidbaticonsparfi livay toifng

s:LmuPcat%e%Ssalelxgguéllgﬁe@p J.ggtﬂ%rt%ﬁst ' ngectuhgtlxr@ége\!@ft@oﬁ QGind loadlrng

execut]on to anot t hread.. Execution of .bo
of Hxﬁtégaglon@aﬁn%élﬁlé}tfaaﬁﬁbsd oﬁ%ﬁatg'loﬂlﬁft g%reloodlssl Jg/esou gﬁ)‘iﬂ'ﬂthln a

proatdsoeat imgaekenief or tshacbsen goveddest Fregd-wiER2Th éxecutlon
of Qﬁéﬂ%rr hdwecad-&xpeniaaes proséabol, condhit oorsuthnasegexecution

threa& m% n\lge th§(§,q% L%@Oé&‘?‘d @Ul ’Eﬂa’tt Pés%@gggs (mgw)effectively than’
¥ Vla

SOrs e an even npre efficient use of
thekir"i‘ﬁ?e%%]rcaﬁ ¥ gtfeeey 228 090P FII°8%t hr eads may
si mul t aneously use processor resources. Miltiple
threads SdRe665IC ues Rk Yaveedeaut etk Rharp:Shleppécessging

mul?f.p]?e %flrég'ast J\/'PA = 9£]%7§.§§ %rta@é( es’%v':'.t:bk@ ErbRi d:x@cut SIC Bf &he thread

ting point units, f1xed 0|nt instruction units
o PEEAIAPRIY SUREE HRE0t HErE RaToBE Fef o?‘rrh"%f@ “Tasks e
multof thored¢dr(HEDr e@rdeqsnds ngrém lech exa boghde s pardware
sm@a@a@tlné&ﬂ %&}c@homﬂ)ﬁ opb &1t Br€adBes | thutbidn @0 UBITy processor

overcome%g %he alﬁ oﬁg & Evgﬁtqg&c&? aTBYa13k§ Otkﬁ%a@'ﬂyoﬁéﬁnﬁ@tlng the

rea as|s so t t
hargw%‘lfee tgv\fvpézﬁ:h ?xe[cHEJ.q;'Wolaéqogbﬁ &gaead ngxecu%ll n o%r Qc?th threads

can be performed not simultaneously, but by allocating execution slices to
each thread when the other thread experiences a stall condition such as a

cache miss.

gimultaneous multi-threaded (SMT) processors provide an even more
efficient use of processor resources, as multiple threads may
simultaneously use processor resources. Multiple threads are concurrently
executed in an SMT processor so that multiple processor execution units,
such ag floating point units, fixed point instruction units, load/store
units and others can be performing tasks for one (or more depending on the
execution units' capabilities) of multiple threads simultaneously. Storage
and register resources may also be allocated on a per-thread basis so that

the complete internal state switch of the HMT is avoided.
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SUMMARY OF THE INVENTION

The objective of accounting for processor time usage within a
simultaneous multi-threaded (SMT) processor is accomplished in a processor
having processor utilization counters and a method for accounting for

procegsor time usage.
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in the accompanyving drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the invention are set
forth in the appended claims. The invention itself, however, as well as a
preferred mode of use, further objectives, and advantages thereof, will
best be understood by reference to the following detailed description of
an illustrative embodiment when read in conjunction with the accompanying

drawings, wherein like reference numerals indicate like components, and:
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37, as well as other bridges within the system provide communication over
wide buses with other processor groups and bus 35 provide connection of
processors 30A-D, bridge 37, peripherals 34, L3 cache 36 and system local V
memory 38. Other global system memory may be coupled external to bridge 37
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Processor cores 10A and 10B are simultaneous multi-threaded (SMT)
processors capable of concurrent execution of multiple threads. Processor
cores 10A and 10B further support a single-threaded operating mode for
efficient execution of a single thread when program execution conditions

dictate single threaded operation, e.g., when high-priority program
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registers that store information during execution of a program and must be
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a lower processor time usage measurement for thread executing inefficient
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instruction dispatch is chosen in the exenplary
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Another alternative is for control logic 11 to use the relative thread
priorities set in processor core 10 to fractionally divide the clock cycle
value used to updated half-cycle counter 42A and/or 42B in oxder to

properly allocate a cycle in which no dispatch occurs for any thread.



mechani sm for accounting for all processor core 10
cycl es based on an estimate of execution unit and
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thread usage counters 41A and 41B that are read by fixed point unit 14
when an accounting routine (program) retrieves the processor cycle time
usage information. Half-cycle counters 42A and 42B are implemented as
adders that add two sub-counts for a full cycle allocation or one-sub

count for a half cycle allocation.

In an alternative embodiment of the present invention, processor
cycle time usage unit 40 uses an addition to increment (or subtraction to

decrement) thread usage counters 41A and 41B. The added value is



al l ocation of one-half cycle increnents, half-cycle
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executing thread is updated by 1 cycle value every
cycle (step 51). If the processor is in SMI node
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7. The method of any of Claims 2 to 6, wherein sald updating equally
updates each of said plurality of said processor resource usage counts in
response to said determining determining that none of said plurality of

threads are in said particular cycle state.

8. The method of any of Claims 2 to 7, wherein said updating
fractionally updates each of said plurality of said processor resource
usage counts in conformity with a determined number of resources used by .

said associated thread from a prior one of said periodic intervals, in



state indicating an instruction dispatch for a thread.
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19. The processor of any of Claims 12 to 18, wherein said control logilc
fractionally updates each of said plurality of processor resource usage
counts in conformity with a priority level of said associated thread, in
response to said determining that none of said plurality of threads are in

said particular cycle state.

20. The processor of any of Claims 11 to 19, wherein said processor has
a single-threaded mode of operation and a multi-threaded mode of

operation, and wherein said control logic determines whether or not said
processor is in said single-threaded mode, and in response to determining

that said processor is in said single-threaded mode, and updates said
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