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MULTI-THREAD PERIPHERAL 
PROCESSING USING DEDICATED 

PERIPHERAL BUS 

RELATED APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Application No. 60/ 1 66,686, titled “Integrated Proces 
sor for Multithread With Real-Time Input-Output Capability” 
?led on Nov. 19, 1999. 

BACKGROUND 

[0002] 1. Field of the Invention 
[0003] This invention relates to computer architecture. In 
particular, the invention relates to multi-thread computers. 
[0004] 2. Description of RelatedArt 
[0005] Demand in high speed data transmission has given 
rise to many large bandwidth netWork protocols and stan 
dards. For example, the Synchronous Optical Network (SO 
NET) has a number of standards used in Wide Area Network 
(WAN) With speeds ranging from a feW megabits per second 
(Mbps) to several gigabits per second (Gbps). Popular stan 
dards include T1 (1.5 Mbps), T3 (45 Mbps), OC-3c (155 
Mbps), OC-12c (622 Mbps), OC48c (2.5 Gbps), OC-192c 
(10 Gbps), OC-768c (40 Gbps), etc. 
[0006] In netWork applications, the requirements for cell 
processing and packet processing functions at line rates for 
broadband communications sWitches and routers have 
become increasingly dif?cult to satisfy, and demand multiple 
processor con?gurations to meet performance requirements. 
The processing of cells and packets typically requires fre 
quent interactions With special function devices and external 
units. Existing techniques are inadequate to meet real-time 
demands Without degrading performance. 
[0007] Therefore, there is a need to have a technique to 
perform peripheral operations for cell and packet processing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The features and advantages of the present invention 
Will become apparent from the folloWing detailed description 
of the present invention in Which: 

[0009] FIG. 1 is a diagram illustrating a system in Which 
one embodiment of the invention can be practiced. 

[0010] FIG. 2 is a diagram illustrating a multiprocessor 
core shoWn in FIG. 1 according to one embodiment of the 
invention. 

[0011] FIG. 3 is a diagram illustrating a multi-threaded 
processor shoWn in FIG. 2 according to one embodiment of 
the invention. 

[0012] FIG. 4 is a diagram illustrating a processing slice 
shoWn in FIG. 3 according to one embodiment of the inven 
tion. 

[0013] FIG. 5A is a diagram illustrating format of a com 
mand message according to one embodiment of the invention. 

[0014] FIG. 5B is a diagram illustrating format of a 
response message according to one embodiment of the inven 
tion. 

[0015] FIG. 6 is a diagram illustrating peripheral opera 
tions according to one embodiment of the invention. 
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[0016] FIG. 7 is a diagram illustrating an instruction pro 
cessing according to one embodiment of the invention. 

DESCRIPTION 

[0017] The present invention is a method and apparatus to 
perform peripheral operations in a multi-thread processor. A 
peripheral bus is coupled to a peripheral unit to transfer 
peripheral information including a command message speci 
fying a peripheral operation. A processing slice executes a 
plurality of threads and is coupled to the peripheral bus to 
execute peripheral operations. The plurality of threads 
includes a ?rst thread sending the command message to the 
peripheral unit. 
[0018] The command message includes at least one of a 
message content, a peripheral address identifying the periph 
eral unit, and a command code specifying the peripheral 
operation. The peripheral information includes a response 
message sent from the peripheral unit to the processing slice. 
The response message indicates the peripheral operation is 
completed and includes at least one of a thread identi?er 
identifying the ?rst thread, one or more result phrases, each 
including an operation result, a data register address specify 
ing a data register in the processing slice to store the operation 
result, and an end ?ag indicating the last one of the result 
phrases. 
[0019] The command message may be a Wait instruction or 
a non-Wait instruction. The processing slice disables the ?rst 
thread after sending the command message if the command 
message is a Wait instruction. The ?rst thread continues to 
execute after sending the command message if the command 
message is a non-Wait instruction. The processing slice 
enables the ?rst thread after receiving the response message 
from the peripheral unit if the ?rst thread Was disabled. 
[0020] The peripheral bus may include a bi-directional bus 
to transfer the command message from the processing slice to 
the peripheral unit and the response message from peripheral 
unit to the processing slice. 
[0021] The processing slice includes an instruction pro 
ces sing unit, a thread control unit, a peripheral unit, a memory 
access unit, a functional unit, a condition code memory, and a 
register ?le. The processing slice is con?gured to support 
execution of a number of threads. Several processing slices 
operate concurrently in a processor. A multiprocessor core 
may include several of these processors in a netWork proces 
sor system. 
[0022] In the processing slice, the instruction processing 
unit processes instructions fetched from a program memory. 
The instruction processing unit includes an instruction fetch 
unit, an instruction buffer, and an instruction decoder and 
dispatcher. The instruction fetch unit fetches the instructions 
from the program memory using a number of program 
counters, each of Which corresponds to each of the threads. 
The instruction buffer holds the fetched instructions Waiting 
for execution. The instruction decoder and dispatcher 
decodes the instructions and dispatches the decoded instruc 
tions to the memory access unit, the functional unit, or the 
peripheral unit. 
[0023] The thread control unit manages initiation and ter 
mination of at least one of the threads. The peripheral unit 
transfers the peripheral information betWeen the peripheral 
unit and the instruction processing unit. The peripheral unit 
receives command messages from the processing slices to 
direct performance of peripheral operations and sends 
response messages to the processing slices to convey results 
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of the peripheral operations to the threads. The memory 
access unit provides access to one of a number of data memo 
ries via a data memory sWitch. The functional unit performs 
an operation speci?ed in one of the instructions. The condi 
tion code memory stores a number of condition codes, each of 
Which corresponds to each of the threads. The register ?le has 
a number of data registers, of Which a subset is associated 
With each of the threads. 
[0024] In the following description, for purposes of expla 
nation, numerous details are set forth in order to provide a 
thorough understanding of the present invention. HoWever, it 
Will be apparent to one skilled in the art that these speci?c 
details are not required in order to practice the present inven 
tion. In other instances, Well-knoWn electrical structures and 
circuits are shoWn in block diagram form in order not to 
obscure the present invention. 
[0025] FIG. 1 is a diagram illustrating a system 100 in 
Which one embodiment of the invention can be practiced. The 
system 100 includes a multiprocessor core 110, a memory 
controller 120, peripheral units 130, an off-chip program/data 
memory 140, and a host control processor 150. 
[0026] The multiprocessor core 110 is a high-performance 
multi-thread computing subsystem capable of performing all 
functions related to netWork operations. These netWork 
operations may include adjusting transmission rates, han 
dling special cells andpackets used to implement ?oW control 
protocols on an individual connection basis, and supporting 
Asynchronous Transfer Mode (ATM) traf?c management for 
Available Bit Rate (ABR), Variable Bit Rate (V BR), and 
Unspeci?ed Bit Rate (U BR) connections. The memory con 
troller 120 provides access to additional memory devices and 
includes circuitry to interface to various memory types 
including dynamic random access memory (DRAM) and 
static random access memory (SRAM). The peripheral units 
130 include a number of peripheral or input/ output (I/O) units 
for peripheral or I/O operations. The peripheral units 130 
include an input interface 162, and output interface 164, a 
cyclic redundancy code (CRC) engine 166, a check-out con 
tent addressable memory (CAM) 168, a bit vector unit 172, 
and a spare 174. The input and output interfaces 162 and 164 
provide interfaces to inbound and outbound netWork traf?cs, 
respectively. These interfaces may include line and sWitch/ 
system interfaces that support industry standards, including 
multi-phy features such as Universal Test and Operations 
PHY Interface for ATM (UTOPIA). The CRC engine 166 
supports segmentation and re-assembly for ATM Adaptation 
Layer Type 5 (AAL5) transmission of packets over ATM 
connections. The check-out CAM 168 is an associative 
memory unit that supports the maintenance of several con 
nection records in the on-chip memory for the duration of cell 
processing for those connections. The bit vector unit 172 
supports round-robin scheduling algorithms at the OC-48 line 
rate. 

[0027] The off-chip program/ data memory 140 includes 
memory devices that store programs or data in addition to the 
on-chip programs and data stored in the multiprocessor core 
110. The host control processor 150 is a processor that per 
forms the general control functions in the netWork. These 
functions may include connection set-up, parameter adjust 
ment, operation monitoring, program loading and debugging 
support. 
[0028] FIG. 2 is a diagram illustrating the multiprocessor 
core 110 shoWn in FIG. 1 according to one embodiment of the 
invention. The multiprocessor core 110 includes four multi 
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thread processors 210 1 to 2104, a split transaction sWitch 220, 
a host interface bus 250, and a peripheral bus 260. It is noted 
that the use of four processors is for illustrative purposes only. 
As is knoWn to one skilled in the art, any reasonable number 
of processors can be used. 

[0029] The four multi-thread processors 2101 to 2104 are 
essentially the same. Each ofthe processors 2101 to 2104 has 
local program and data memories for N-bit Words of instruc 
tions and data, respectively. In one embodiment, NI32. The 
split transaction sWitch 210 permits each of the processors to 
access the data Words held in any of the other three data 
memories With a small additional access time. 

[0030] The host interface bus 250 alloWs the any of the four 
processors 210 l to 2104 to communicate With the host control 
processor 150 (FIG. 1). This includes passing parameters, 
loading program and data, and reporting status. The periph 
eral bus 260 alloWs any one of the peripheral units 130 to 
communicate With any of the processors 2101 to 2104. Some 
peripheral units may have direct memory access (DMA) 
channels to the local data memories of any one of the proces 
sors 2101 to 2104. In one embodiment, each of these channels 
supports burst transfer of 32-bit data at 100 MHZ clock rate, 
equivalent to greater than the OC-48 speed. 
[0031] FIG. 3 is a diagram illustrating the multi-thread 
processor 210 shoWn in FIG. 2 according to one embodiment 
of the invention. The multi-thread processor 210 includes 
four processing slices (PS’s) 3101 to 3104, a data memory 
sWitch 320, banks of data memory 330, a peripheral message 
unit 340, a control and monitor interface 350, and a program 
memory 360. It is noted that the use of four PS’s is for 
illustrative purposes only. As is knoWn by one skilled in the 
art, any number of PS’s can be used. 

[0032] The multi-thread processor 210 is a data and/or 
information processing machine that supports the simulta 
neous execution of several programs, each program being 
represented by a sequence of instructions. A thread is a 
sequence of instructions that may be a program, or a part of a 
program. The multi-thread processor 210 may have one or 
more instruction execution resources such as arithmetic logic 
units, branch units, memory interface units, and input-output 
interface units. In any operation cycle of the multi-thread 
processor 210, any instruction execution resource may oper 
ate to carry out execution of an instruction in any thread. Any 
one instruction resource unit may participate in the execution 
of instructions of different threads in successive cycles of 
processor operation. To support this mode of operation, the 
multi-thread processor 210 may have a separate hardWare 
register, referred to as the program counter, for each thread 
that indicates the position or address of the next instruction to 
be executed Within the thread. A multi-thread multiprocessor 
is a data and/or information processing system composed of 
several multi-thread processors. 

[0033] Each of the PS’s 3101 to 3104 contains a program 
sequencer and execution units to perform instruction fetch, 
decode, dispatch and execution for four threads. Each of the 
PS’s operates by interleaving the execution of instructions 
from the four threads, including the ability to execute several 
instructions concurrently in the same clock cycle. The data 
memory sWitch 320 alloWs any ofthe four PS’s 3101 to 3104 
to access any data memory bank in the banks of data memo 
ries 330. The banks of memories 330 include four banks 335 1 
to 3354: data memory banks 0 to 3. Each of the data memory 
banks 3351 to 3354 stores data to be used or accessed by any 
of the PS’s 3101 to 3104. In addition, each of the data memory 
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banks 3351 to 3354 has an interface to the DMA bus to support 
DMA transfers betWeen the peripherals and data memory 
banks. The banks 3351 to 3354 are interleaved on the loW 
order address bits. In this Way, DMA transfers to and from 
several of the peripheral units 130 can proceed simulta 
neously With thread execution Without interference. 
[0034] The four PS’s 3101 to 3104 are connected to the 
peripheral message unit 340 via four PS buses 3151 to 3154, 
respectively. The peripheral message unit 340 is a distribution 
or switching location to sWitch the peripheral bus 260 to each 
ofthe PS buses 3151 to 3154. The peripheral message unit 340 
is interfaced to the peripheral bus 260 via a command bus 342 
and a response bus 344. The command bus 342 and the 
response bus 344 may be combined into one single bi-direc 
tional bus.Appropriate signaling scheme or handshaking pro 
tocol is used to determine if the information is a command 
message or the response message. 

[0035] When a thread in any ofthe four PS’s 3101 to 3104 
executes a Wait or no_Wait instruction for a peripheral opera 
tion, a command message is sent from the issuing PS to the 
command bus 342. The command message speci?es the 
peripheral unit Where the peripheral operation is to be per 
formed by including the address of the peripheral unit. All 
peripheral units connected to the peripheral bus 260 have an 
address decoder to decode the peripheral unit address in the 
command message. When a peripheral unit recogniZes that it 
is the intended peripheral unit for the peripheral operation, it 
Will decode the command code contained in the command 
message and then carry out the operation. If the command 
message is a Wait message instruction, the issuing thread is 
stalled for an interval during Which the responding peripheral 
unit carries out the peripheral operation. During this interval, 
the resources associated With the issuing thread are available 
to other threads in the issuing slice. In this Way, high resource 
utiliZation can be achieved. If it is a no_Wait instruction, the 
issuing thread continues executing its sequence Without Wait 
ing for the peripheral operation to be completed. The issuing 
thread may or may not need a response from the peripheral 
unit. 
[0036] The control and monitor interface 350 permits the 
host control processor 150 to interact With any one of the four 
PS’s 3101 to 3104 through the host interface bus 350 to per 
form control and monitoring functions. The program memory 
360 stores program instructions to be used by any one of the 
threads in any one ofthe four PS’s 3101 to 3104. The program 
memory 360 supports simultaneous fetches of four instruc 
tion Words in each clock cycle. 
[0037] FIG. 4 is a diagram illustrating the processing slice 
310 shoWn in FIG. 3 according to one embodiment of the 
invention. The processing slice 310 includes an instruction 
processing unit 410, a peripheral unit interface 420, a register 
?le 430, a condition code memory 440, a functional unit 450, 
a memory access unit 460, and a thread control unit 470. The 
processing slice 310 is con?gured to have four threads. The 
use of four threads is for illustrative purposes only. As is 
knoWn by one skilled in the art, any number of threads can be 
used. 

[0038] The instruction processing unit 410 processes 
instructions fetched from the program memory 360. The 
instruction processing unit 410 includes an instruction fetch 
unit 412, an instruction buffer 414, and an instruction decoder 
and dispatcher 416. The instruction fetch unit 412 fetches the 
instructions from the program memory 360 using a plurality 
of program counters. Each program counter corresponds to 
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each of the threads. The instruction buffer 414 holds the 
fetched instructions Waiting for execution for any of the four 
threads. The instruction decoder and dispatcher 416 decodes 
the instructions and dispatches the decoded instructions to the 
peripheral unit 420, the register ?le 430, the condition code 
memory 440, the functional unit 450, or the memory access 
unit 460 as appropriate. 
[0039] The thread control unit 470 manages initiation and 
termination of at least one of the four threads. The thread 
control unit 470 includes program counters 472 and a pro 
gram (or code) base register unit 473 containing program base 
addresses corresponding to the threads. Execution of a com 
putation may start from a single thread, executing the main 
function of the program. A thread may initiate execution of 
another thread by means of a start instruction. The neW thread 
executes in the same function context as the given thread. In 
other Words, it uses the same data and code base register 
contents.Athread runs until it encounters a peripheral Wait, or 
until it reaches a quit instruction. 
[0040] The peripheral unit interface 420 is connected to the 
instruction processing unit 410 and the peripheral message 
unit 340 to transfer the peripheral information betWeen the 
peripheral units 130 (FIG. 1) and the instruction processing 
unit 410. The peripheral operation may be an input or an 
output operation. In one embodiment, an input or output 
operation is initiated by a message instruction that causes a 
command message to be transferred to a speci?ed peripheral 
unit over the peripheral bus. The message instruction may be 
marked Wait or no_Wait. If the message instruction is marked 
Wait, it is expected that the peripheral unit Will return a 
response message; the processing slice that issued the mes 
sage-Wait instruction Will execute the folloWing instructions 
of that thread only When the response message has been 
received over the peripheral bus. 
[0041] In a peripheral operation, a command message 
includes a content part that contains data Words from data 
registers speci?ed in the message instruction. If a response 
message is returned, it contains one or more result phrases, 
each specifying a data Word and a data register identi?er; the 
slice puts each data Word in the speci?ed data register, and 
continues execution of the thread after processing the last 
result phrase. 
[0042] The register ?le 430 has four sets of data registers. 
Each of the four sets of data registers corresponds to each of 
the four threads. The data registers store data or temporary 
items used by the threads. Peripheral operations may refer 
ence the data registers in the command or response message. 
[0043] The condition code memory 440 stores four condi 
tion codes. Each of the condition codes corresponds to each of 
the four threads. The condition code includes condition bits 
that represent the conditions generated by the functional unit 
450. These condition bits include over?oW, greater_than, 
equal, less_than conditions. The condition bits are set accord 
ing to the type of the instruction being executed. For example, 
the compare instructions sets the greater_than, equal, and 
less_than condition bits and clears the over?oW condition bit. 
[0044] The functional unit 450 performs an operation 
speci?ed in the dispatched instruction. The functional unit 
450 performs all operations of the instruction set that manipu 
late values in the data registers. These operations include 
arithmetic and logical register operations, shift and selected 
bit operations. The operationperformed by the functional unit 
450 is determined by a decoded opcode value passed from the 
instruction decoder and dispatcher 416. The functional unit 
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450 has connections to the condition code memory 440 to set 
a thread’s condition code according to the outcome of an 
arithmetic operation or comparison. 
[0045] The memory access unit 460 provides for read and 
Write accesses to any of the four data memory banks 3151 to 
3154 via the data memory sWitch 320 (FIG. 3). The memory 
access unit 460 has a base register unit 462 having four base 
registers to receive the base address used in address formation 
and for saving and restoring the base registers for the call and 
return instructions. Each of the four data base registers cor 
responds to each of the four threads. 
[0046] In one alternative embodiment of the invention, the 
instruction processing unit 410 may include M program base 
registers. Each of the M program base registers is associated 
With each of the M threads. The contents of a base register are 
added to the contents of the corresponding program counter 
to determine the location in the program memory from Which 
the next instruction for the corresponding thread is to be 
fetched. An advantage of this scheme is that the branch target 
speci?ed in the instruction that transfers control may be rep 
resented in feWer bits for local transfers. 
[0047] In one alternative embodiment of the invention, the 
memory access unit 460 may include a data base register unit 
462 having M data base registers 462. Each of the M data base 
registers is associated With each of the M threads. The con 
tents of the appropriate base register are added to the corre 
sponding program counter to form the effective address for 
selected instructions. This permits offset addressing to be 
used, leading to more compact programs. 
[0048] FIG. 5A is a diagram illustrating format of a com 
mand message 500 according to one embodiment of the 
invention. The command message 500 includes a processor 
identi?er 505, a thread identi?er 507, a message content 510, 
a peripheral address 520, and a command code 530. 
[0049] The processor identi?er 505 and the thread identi?er 
507 identi?es the thread in the processor that issues the com 
mand so that the peripheral unit can direct a resulting 
response message to the correct processor and thread. This is 
necessary to alloW peripheral units to be shared by threads 
executing on distinct processors. 
[0050] The message content 510 is a sequence of N-bit 
Words taken from the data registers speci?ed in the message 
instruction. The message content 510 includes the data or 
operand to be used by the peripheral unit. For a DMA opera 
tion, the message content 510 may contain the starting 
address for the transfer in data memory, and a count indicat 
ing the number of Words to be transferred. The peripheral 
address 520 speci?es the address of the peripheral unit to 
perform the peripheral operation speci?ed by the command 
code 530. The command code 530 speci?es the peripheral 
operation performed by the peripheral unit corresponding to 
the address speci?ed in the peripheral address 520. 
[0051] FIG. 5B is a diagram illustrating format of a 
response message 550 according to one embodiment of the 
invention. The response message 550 includes a thread iden 
ti?er 560, K data register address 5701 to 570K, K operation 
result 5801 to 580K, and an end ?ag 590. 
[0052] The thread identi?er 560 speci?es the thread that the 
response message is directed to. Usually, this thread is the 
thread that issued the command message to the peripheral 
unit. Each of the data register addresses 570 1 to 570K speci?es 
the data register in the register ?le 43 0 to store the correspond 
ing one of K operation results 5801 to 580K. Each of the 
operation results 580 1 to 580K is the result of the correspond 

Sep. 17,2009 

ing operation, Which may include status information regard 
ing the peripheral operation. The end ?ag 590 indicates the 
end of the response message 550. 
[0053] FIG. 6 is a diagram 600 illustrating peripheral 
operations according to one embodiment of the invention. 
The diagram 600 shoWs the interactions betWeen the process 
ing slice 310 and the peripheral unit 130. Although only one 
peripheral unit 130 is shoWn, it is contemplated that more than 
one peripheral units may operate With the processing slice 
310. 
[0054] Within the processing slice 310, the begin cycle 610 
starts an instruction execution cycle. Block 620 selects one or 
more instructions for execution. One or more instructions 
may be selected for execution concurrently. Suppose K 
instructions are selected for execution. Block 6301 to Block 
630K process instruction 1 to instruction K, respectively. The 
details of the block 630K, Where kIl, . . . , K, are shoWn in 

FIG. 7. Blocks 630 1 to 63 0 Kmay terminate at the same time or 
at different times at the end cycle 640. Blocks 6301 to 630K 
Will interact With the peripheral unit 130 via the peripheral 
bus 260 via the peripheral bus 260 When they are processing 
message instructions. 
[0055] Within the peripheral unit 130, there are processing 
blocks to receive and send peripheral messages via the 
peripheral bus 260. Block 650 receives the command mes 
sage from the processing slice 310. Block 660 starts the I/O 
operation for the thread T as speci?ed in the command mes 
sage. Block 670 completes the I/O operation for thread T' 
Where thread T' may or may not be the same as thread T. The 
command message for thread T' may have been received by 
block 650 either earlier or later than the command message 
for thread T, due to out-of-order performance of operations by 
the peripheral unit. Block 680 sends a response message to 
indicate the completion of thread T' to the processing slice via 
the peripheral bus 260. 
[0056] FIG. 7 is a diagram illustrating the instruction pro 
cessing block 630k shoWn in FIG. 6 according to one embodi 
ment of the invention. In this block, begin and end nodes 710 
and 790, respectively, indicate the beginning and the end of 
the instruction processing block 630k. 
[0057] Begin node 710 starts the instruction processing. 
Block 720 dispatches thread T according to the instruction 
type. If the instruction type is a non-message instruction, 
block 730 processes the instruction as appropriate. If the 
instruction is a message instruction, block 740 sends the 
command message to the peripheral unit 130. The command 
message is to be received by block 650 as shoWn in FIG. 6. If 
the command message is a Wait instruction, block 750 dis 
ables thread T and goes to the end node 790. If the command 
message is a non-Wait instruction, block 780 indicates that the 
instruction is done and goes to the end node 790. 
[0058] Block 760 receives the response message for thread 
T' as sent from block 680 shoWn in FIG. 6. Then, block 770 
enables thread T' if thread T' Was disabled and then goes to 
block 780 to indicate that the instruction processing is done. 
Next, end node 790 indicates the end of the instruction pro 
cessing block. 
[0059] While one or more threads are Waiting for comple 
tion of peripheral operations, other threads may continue 
executing instructions that utiliZe functional unit and memory 
resources. In this Way, higher average performance of the 
multi-thread processors may be achieved. 
[0060] While this invention has been described With refer 
ence to illustrative embodiments, this description is not 
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intended to be construed in a limiting sense. Various modi? 
cations of the illustrative embodiments, as Well as other 
embodiments of the invention, Which are apparent to persons 
skilled in the art to Which the invention pertains are deemed to 
lie Within the spirit and scope of the invention. 

1. An apparatus comprising: 
an instruction resource con?gured to perform an operation 

other than a peripheral operation, the operation speci?ed 
in a ?rst instruction dispatched from a ?rst of a plurality 
of threads; and 

a peripheral unit interface con?gured to send a command 
message specifying a peripheral operation to a periph 
eral unit over a peripheral bus responsive to a second 
instruction dispatched from a second of the plurality of 
threads; 

Wherein the instruction resource and the peripheral unit 
interface are con?gured to execute the ?rst and second 
instructions concurrently during a same clock cycle. 

2. The apparatus of claim 1, further comprising: 
a plurality of program counters, Wherein each of the plu 

rality of threads corresponds to one of the program 
counters. 

3. The apparatus of claim 2, further comprising: 
a plurality of program base registers, each program base 

register corresponding to one of the program counters 
and to one of the threads and con?gured to provide a 
third instruction dispatched from a third of the plurality 
of threads that is fetched from a location corresponding 
to the sum of: 

the contents of the program counter corresponding to the 
third of the plurality of threads, and 

the contents of the program base register corresponding to 
the third of the plurality of threads. 

4. The apparatus of claim 3, Wherein the third instruction 
comprises a local transfer branch target Within an instruction 
space for the third of the plurality of threads. 

5. The apparatus of claim 2, further comprising: 
a plurality of data base registers, each data base register 

corresponding to one of the program counters and to one 
of the threads and con?gured to provide a third instruc 
tion dispatched from a third of the plurality of threads 
that operates on data from a location corresponding to 
the sum of: 
the contents of the program counter corresponding to the 

third of the plurality of threads, and 
the contents of the data base register corresponding to 

the third of the plurality of threads. 
6. The apparatus of claim 5, Wherein the location is Within 

a data space for the third of the plurality of threads. 
7. A method comprising: 
performing an operation other than a peripheral operation, 

the operation speci?ed in a ?rst instruction dispatched 
from a ?rst of a plurality of threads; and 

sending a command message specifying a peripheral 
operation to a peripheral unit over a peripheral bus 
responsive to a second instruction dispatched from a 
second of the plurality of threads; 

Wherein the ?rst and second instructions are executed con 
currently during a same clock cycle. 
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8. The method of claim 7, Wherein each of the plurality of 
threads corresponds to one of a plurality of program counters. 

9. The method of claim 8, Wherein each of a plurality of 
program base registers corresponds to one of the program 
counters and to one of the threads, the method further com 
prising: 

fetching a third instruction from a third of the plurality of 
threads from a location corresponding to the sum of: 
the contents of the program counter corresponding to the 

third of the plurality of threads, and 
the contents of the program base register corresponding 

to the third of the plurality of threads. 
10. The method of claim 9, Wherein the third instruction 

comprises a local transfer branch target Within an instruction 
space for the third of the plurality of threads. 

11. The method of claim 8, Wherein each of a plurality of 
data base registers corresponds to one of the program 
counters and to one of the threads, the method further com 
prising: 

fetching a third instruction dispatched from a third of the 
plurality of threads, Where the third instruction operates 
on data from a location corresponding to the sum of: 
the contents of the program counter corresponding to the 

third of the plurality of threads, and 
the contents of the data base register corresponding to 

the third of the plurality of threads. 
12. The method of claim 11, Wherein the location is Within 

a data space for the third of the plurality of threads. 
13. An apparatus comprising: 
a plurality of program counters; 
a plurality of program base registers, each program base 

register corresponding to a program counter and to a 
thread; and 

an instruction processing unit to process instructions 
fetched from a program memory, Wherein each instruc 
tion corresponds to a thread, the instruction for the cor 
responding thread fetched from a location correspond 
ing to the sum of the contents of the program counter 
corresponding to the thread and the contents of the pro 
gram base register corresponding to the thread. 

14. The apparatus of claim 13, Wherein the location com 
prises a local transfer branch target Within an instruction 
space for the thread. 

15. An apparatus comprising: 
a plurality of program counters; 
a plurality of data base registers, each data base register 

corresponding to a program counter and to a thread; and 
an instruction processing unit to process instructions 

fetched from a program memory, Wherein each instruc 
tion corresponds to a thread, the instruction for the cor 
responding thread operating on data from a location 
corresponding to the sum of the contents of the program 
counter corresponding to the thread and the contents of 
the data base register corresponding to the thread. 

16. The apparatus of claim 15, Wherein the location is 
Within a data space for the thread. 

* * * * * 


