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execution of multiple hardware threads. Instructions from multiple threads are
interleaved in the execution pipeline. This architecture enables the use of aggressive

clock frequency while maintaining high core and memory utilization.
SUMMARY

[0005] Due to the interleaved multithreading architecture of an embodiment of a
digital signal processor, the execution of each thread has sufficient time to permit
instructions that are dependent on one another to be grouped in the same instruction
packet. Therefore, an instruction that requires another instruction to be executed to
generate its result and uses it in its own execution may be packaged into the same
instruction packet as the other instruction. It may be seen that by giving program code
writers the ability to have inter-dependencies among instructions in an instruction

packet, more flexibility to manipulate program logic becomes ﬁossible.

[0006] In one aspect of an embodiment of the present disclosure, an interleaved

multithreading pipeline operating method comprises reading an instruction packet
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thl§@&%ﬁgqeregl ster as an operand and generating a second
, and storing the second result in a third
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result in a second register, means for steering a second instruction of the instruction
packet to a second execution unit, means for reading the second register specified by the
second instruction, means for executing the second instruction using the first result read
from the second register as an operand and generating a second result, and means for

storing the second result in a third register.

[0009] In yet another aspect of an embodiment of the present disclosure, a
computer-readable medium having encoded thereon a method for execution in an
interleaved multithreaded processor, the method comprises reading an instruction
packet containing at least two instructions, reading a first register specified by the first

instruction and obtaining an operand, executing the first instruction and generating a
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[0012] FIGURE 1 is a simplified logical flow diagram of an embodiment of a

processor pipeline;

[0013] FIGURE 2 is a simplified timing diagram of the interleaved multithreading

execution of the processor pipeline;

[0014] FIGURE 3 is an exemplary logical flow diagram of multiple dependent

instructions from the same instruction packet; and

[0015] FIGURE 4 is a diagram of an exemplary embodiment of an instruction

packet format.
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predeterm ned bits in the instructions an L r
A register file may be thought of as an array of registers acce:ssﬂ)lé:-j |by %ﬁ En&ep(emto the

register file. In an embodiment of the processor pipeline 10, the register file may have
thirty-two registers, each register being thirty-two bits long, for example. A register file
read operation 20 is then made to read the operands to execute the instruction for a
thread. A plurality of execution units 22, such as four in this embodiment (execution
units 22a-22d) are operable to carry out the execution of the program instructions in the
instruction packet. An execution unit is capable of executing one instruction. A

register file write operation 24 is then performed to save the execution results.

[0017] FIGURE 2 is a simplified timing diagram of the interleaved multithreading
execution. The interleaved multithreading architecture of the processor pipeline 10
enables six instructions from six threads 31-36 (T1 to T6) to be substantially
simultaneously executed. In the embodiment of the digital signal processor as shown,
each program instruction is an instruction packet containing four separate instructions.
Each instruction packet may be executed in seven clock cycles, for example, for
decoding (clock cycle C1), reading the operands from the register file (clock cycle C2),
executing the four instructions (clock cycles C3-C6), and finally writing the results to

the register file (clock cycle C7). While an instruction packet from the first thread is
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I nstructTon packet may be executed in seven c
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register file (clock cycle Q). Wile Lnstructi _
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Instruction packet is being decoded. Qperating in this

manner, the start of the execution of each successive
[0008] r udt i shouldadk enoledgshabetiiththetip eingirpesions.n $ealak tPgplication
inrs)t?l(l:cl%ieotns,b¥ec?(§]rem%it1%>‘filéation instructions, bit manipulation instructions, logical
instructions, load instructions, store instructions, jump instructions, and other
instructions may be grouped together in each instruction packet. The types of
dependent instructions that can be grouped together into one instruction packet may be
constrained by a number of factors such as resource availability. For example, if only
execution units 22c and 22d are operable to perform scalar multiplication and vector
multiplication instructions, then an instruction packet should only contain two such
instructions. Further, such instructions should be ordered as I3 and I4 of the instruction

packet and be steered to those execution units 22¢ and 22d.

[0020] FIGURE 4 is a diagram of an exemplary embodiment of an instruction
packet format 50. Instruction packet 50 includes a packet header 51 followed by four
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intended to be included within the scope of the present disclosure as defined in the
following claims. In the claims, means-plus-function clauses are intended to cover the
structures described herein as performing the recited function and not only structural

equivalents, but also equivalent structures.
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3. The method of claim 2, further comprising:

steering a fourth instruction of the instruction packet to a fourth execution unit
for execution using at least one of the first, second and third results and generating a

fourth result; and

storing the fourth result.

4. The method of claim 1, further comprising:
reading a first register specified by the first instruction to obtain a first operand;

executing the first instruction on the first operand and generating the first result;
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f ur thesuti@@npei hirdginstreaibnngsing fthe stcanegiestlerrespdoini ithel third

by the first instruction to obtain a first operand,
regigtet and gryerabiag fithisd 1554+ r ucti on on the first operand

and generating the first result;saving the first

result in a second register specified by the first

i nstruction; reading the second register specified by

t he second instruction; and o
6. The method of claim 5, further comprising:

storing the third result in a fourth register specified by a fourth instruction of the

instruction packet; and

executing the fourth instruction using the third result read from the fourth

register and generating a fourth result.

7. The method of claim 6, wherein executing the first, second, third and
fourth instructions includes executing instructions selected from the group consisting of
arithmetic instructions, scalar multiplication instructions, vector multiplication
instructions, bit manipulation instructions, logical instructions, load instructions, store

instructions, and jump instructions.



executing the second instruction using the first
result read fromthe second register and generating
wo b@esesend result. 5. The nmet hod of claim4, PCF/URBN6/010339
conprising: storing the second result in a third
regi ster specified by a third instruction of the

: Ezfit { ﬂg: E@P& 6% Flagm g ef v ytgé o gfl%lng %ﬁl{g?an ins ructlon packet

heaHéP rdi} HRYi iabRictiofd paaRer add net@rntihingd mtesdd:gendﬁlme'ﬁh detween
hod of claim5, further conprising: storing the
mstrllutuods methelntstinetion faskett h regi ster specified by a
fourth instruction of the instruction packet; and
executing the fourth instruction using the third
result read fromthe fourth register and generating a
fourth result. 7. The nethod of claim6, wherein
exegut i ni hinenlferlea;\ted malmh@admhldlﬂlt@nﬁigm%mfpﬁﬁssor executing a

t t d Tl
Dluranpt e SR Tea s T oAb T R IR E L e
scalar multiplication instructions, vector

Mul da@in %ﬁﬁh@ﬁcﬁ&ﬁf)z{d}t@ﬁ ¢onrEninp iat leasnwp dhsitucoons;
|nstruc?lons | ogi cal instructions, Ioad i nstructions,

store instructions, and i nstructi on
et Bleeringra Brshingfraction it %wn@w&n.@? ' Rga ﬁée%‘%on unit;

instruction packet header of the instruction packet

and s g 1 figp Qeﬁfrl%{g rspe@ReN dgneiee Firieins@edion and obtaining an
|ns{ruc ions in The instruction packet. 9. In an

opémahaér | eaved nul tithreadi ng digital signal processor
executing a plurality of interleaved threads

b .
r ga§%%;8ﬁ l}e#gts’trm 3 fJC%BS Qg ! X eriti HQfeERpPr i si ng:

uction pac coftaining at |east two
instructions; steering a fi rst instruction of the
l nStsfdﬂﬁlgltlﬁmfnlaatbkﬂt irt ©segofid regist@xecut i on unit; readi ng
a first register specified by the first i nstruction

n ini ng
and s?eghgg a secong instruction of the instruction packet to a second execution unit;

reading the second register specified by the second instruction;

executing the second instruction using the first result read from the second

register as an operand and generating a second result; and

storing the second result in a third register.

10.  The method of claim 9, wherein reading a first register specified by the
first instruction comprises accessing a source field of the first instruction and reading

the first register indexed by a value in the source field.

11.  The method of claim 9, wherein storing the first result in a second
register comprises accessing a destination field of the first instruction and storing the

first result in the second register indexed by a value in the destination field.



operand; executing the first instruction and

generating a first result; storing the first result in
W@ 2®eaa23® r egi ster; steering a second instructPCUSL006/010339

the instruction packet to d0second execution unit;

readi ng the second register specified by the second

i nstruction; ex ¢! h . r ' Usi L

tho b1 r stnF BT o ey oL R e NE Sibitied by
theQRESRNGs@Adi R daipRisbNg cassarcosshreefield of theidecond instyction and

the second result in a third register. The et hod
readingdheipeend regierdndexed Raianglug in %?es%ouiffé’g*% ‘er specified

by the first instruction conprises accessing a source

field of the first instruction and reading the first

regi ster indexed by a value in the source field. 11.

The method of claim9, wherein storing the first ) )

resuBt i Mha methoddfradginsOemwhemimpstaing hecesenthgsglt in a third

destination field of the.fir ienst ' I
i O A Rl BRG] P L0 PRyt e
sedbRl ¥&sulltn tieth e $édifiait ik cflibgl advalize in Thedesinitomh fidld.cl ai m

9, wherein reading the second register specified by

the second instruction conprises accessing a source

field of the second instruction and reading the second
regi ster indexed by a value in the source field. 13.

The l{l‘?t hogheafetfb@bMt%im YNREBENcSthptiding rdalilgs@Ganthction packet
result in a third register conprises accessing a
headest jofiatlieoringtivstidn opadkhie anslc gletermiing uaiieigepgrdencies between

. Stor.ing the second r It inthe third register
1“$ﬂﬁ39@%“5 eﬁ$gg$ﬁglpgﬁ¥he destination field. 14. The

met hod of claim9, further conprising reading an

i nstruction packet header of the instruction packet

and determ ni ng i nter-dependenci es between

instructions. in the instruction packet. 15. An .

| el eaval AR nal R R e B, gpecuting &
pllgl)ufig A b iﬂ&r]]@ii\@d%ﬁﬁhﬁst ibShndidifyesimaAMRGuIYS Badssital signal processor

antrally sinmultaneously, the digital signa
coppasass or

means for reading an instruction packet containing at least two instructions;

means for steering a first instruction of the instruction packet to a first execution

unit;

means for reading a first register specified by the first instruction and obtaining

an operand;
means for executing the first instruction and generating a first result;
means for storing the first result in a second register;

means for steering a second instruction of the instruction packet to a second

execution unit;

means for reading the second register specified by the second instruction;



conprising: means for reading an instruction packet

containing at |east two instructions; neans for
wae@enoasge a first instruction of the instructiPOI/pazOke010339

to a first execution unit; lhreans for reading a first

regi ster specified by the first instruction and

obt ai ni an opergnd; nean F e ' frirE&t from th

i nsPrAEt PO Std™ g??e%’eﬁ?]?(ﬂlgn%g[l |0rns?<§1?%% tr;s{ %gnsr For o e
secld¥ebiR@r b8n bpdrad & tratiflg 8 sscondnekultegidt er; nmeans

or Steering a second instruction of the instruction

packet to a second executiaon unit; teans for reading

t hemeasdadstpdng despcopddaesuftiipd hyd 198 econd

i nstruction; means for executing the second instruction
using the first result read fromthe second register

as an operand and generating a second result; and

means for storing the second result in a third

regiGt er A tGmpwertsagaiie madiem divanameasqded Higiey 2 method for

ded t.h h Q0. S
xRSOt VBT e PR e BlosEBE dhe AR cBRprising

conprising: reading an instruction packet containing
at | faml dnvBstivegbn padkeormainiegdi legstawbimgtuctiensi st er
specified by the first instruction and obtaining an

operand; executing the fLr i nst r.ugt i Qe

genetadingng Hrst itp&fer é?ﬁﬁltl?d?‘ é%yo ﬂ?en &r%c hlélg{lllllcﬁ{sbs and obaiing an
Opgaagcond regi ster; reading the second register

specified by the second instruction; and executing the

second instruction using the first result read from

t he esenuiting thedifisingiFuction And SEFAHE tH&8WEr ating a

second result. 17. The nmethod of claim 16, further

co n.%{c;n%lg Nk FRAUDO iR sdcBRd fedftdrON
reading the second register specified by the second instruction; and

executing the second instruction using the first result read from the second

register as an operand and generating a second result.

17. The method of claim 16, further comprising reading an instruction
packet header of the instruction packet and determining inter-dependencies between

instructions in the instruction packet.

18. An interleaved multithreading digital signal processor executing a
plurality of interleaved threads substantially simultaneously, the digital signal processor

comprising:

an instruction cache operable to read an instruction packet containing at least

two instructions;



packet header of the instruction packet and

determ ning inter-dependenci es between instructions in
WO b@eiloesvy uct i on packet. 18. An interleaved  PCT/US2006/010339

mul tithreading digital signal processor executing a

plurality of interleaved threads substantially

si mu) t anepusl I Ol Si r ot instructi
o AP B vy Bl 3h A B ARRDHoer sy pruction
of tRShdtHetib® Padkecket figoatcaitidmgniat | east two

i nstructions;steering logic coupled to the instruction
cache ogperable to steer a first instrgﬁﬁion

of, the .

e B GrepRiTReT GoRIR) fe (ke RIS G APEADlHg Tead @ first

1 ' b Gnd QbtdiEing tRespeRshd, @Ebdute the first
]B%%éfg%%§§¥%%$ggﬁﬂgﬁ??ggﬁﬁéﬁgPster sggcyfﬁéd by thee o e
indtiucGon imbganactingn fastctentht, stord thg fiast requdirinagecapdaegistar;

the first instruction and generating a first result,

store the first result. in S ks ihels :

St odf PRl ' s REEPU LR A fhe Mgy pocke

to @fseddn ekBRtioH@hiton packet to a second execution unit;
t he second execution unit coupled to the steering
| ogi c operable to read the ieco d reﬁis er. s ec%{igd d ih
by tthe secomgrikeradn bt icipled ia At S'ePHRS Jeeif fperable to read the

sej:&i?itlregigei Sékci'fﬁaidn%' thB Sedohll $hstiuB M, lexEQATIhk's8EBndNBstruction using
second redi ster as an operand and gener at élzlg a second
the ésttl esularcd skamethe secand cogidter @s wnt operang

register. . . .
resu 19 ané store the second result in a third register.

generating a second



