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ABSTRACT 

A mechanism in a multithreaded processor to allocate 
resources based on con?guration information indicating hoW 
many threads are in use. 
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MULTITHREADED MICROPROCESSOR 
WITH REGISTER ALLOCATION BASED ON 

NUMBER OF ACTIVE THREADS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application and 
claims priority to US. application Ser. No. 10/212,945, ?led 
on Aug. 5, 2002, Which in turn claims priority from US. 
Provisional Patent Application Ser. No. 60/315,144, ?led 
Aug. 27, 2001. The contents of these applications are incor 
porated herein in their entirety. 

BACKGROUND 

[0002] Typically, hardWare implementations of multi 
threaded microprocessors provide for use by each thread a 
?xed number of resources, such as registers, program 
counters, and so forth. Depending on the amount of parallel 
ism in an application program executing on the microproces 
sor, some of the threads may not be used. Consequently, the 
resources of the unused threads and, more speci?cally, the 
poWer and silicon area consumed by those resources, are 
Wasted. 

DESCRIPTION OF DRAWINGS 

[0003] FIG. 1 shoWs a block diagram ofa communication 
system employing a processor having multithreaded 
microengines to support multiple threads of execution. 
[0004] FIG. 2 shoWs a block diagram of the microengine 
(of FIG. 1). 
[0005] FIG. 3 shoWs a microengine Control and Status 
Register (CSR) used to select a number of “in use” threads. 
[0006] FIG. 4 shoWs a schematic diagram of a dual-bank 
implementation of a General Purpose Registers (GPR) ?le (of 
the microengine of FIG. 2) that uses a selected number of “in 
use” threads to allocate registers to threads. 
[0007] FIG. 5 shoWs a table of thread GPR allocations for 
eight “in use” threads and four “in use” threads. 
[0008] FIGS. 6A and 6B shoW the partition of registers in 
the GPR ?le in accordance With the thread GPR allocations 
for eight “in use” threads and four “in use” threads, respec 
tively. 

DETAILED DESCRIPTION 

[0009] Referring to FIG. 1, a communication system 10 
includes a processor 12 coupled to one or more I/O devices, 
for example, netWork devices 14 and 16, as Well as a memory 
system 18. The processor 12 is multi-threaded processor and, 
as such, is especially useful for tasks that can be broken into 
parallel subtasks or functions. In one embodiment, as shoWn 
in the ?gure, the processor 12 includes multiple microengines 
20, each With multiple hardWare controlled program threads 
22 that can be simultaneously active and independently Work 
on a task. In the example shoWn, there are “n” microengines 
20, and each of the microengines 20 is capable of processing 
multiple program threads 22, as Will be described more fully 
beloW. In the described embodiment, the maximum number 
“N” of context threads supported is eight, but other maximum 
amount could be provided. Preferably, each of the 
microengines 20 is connected to and can communicate With 
adjacent microengines. 
[0010] The processor 12 also includes a processor 24 that 
assists in loading microcode control for other resources of the 
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processor 12 and performs other general-purpose computer 
type functions such as handling protocols and exceptions. In 
netWork processing applications, the processor 24 can also 
provide support for higher layer netWork processing tasks that 
cannot be handled by the microengines 20. In one embodi 
ment, the processor 24 is a StrongARM (ARM is a trademark 
of ARM Limited, United Kingdom) core based architecture. 
The processor (or core) 24 has an operating system through 
Which the processor 24 can call functions to operate on the 
microengines 20. The processor 24 can use any supported 
operating system, preferably a real-time operating system. 
Other processor architectures may be used. 

[0011] The microengines 20 each operate With shared 
resources including the memory system 18, a PCI bus inter 
face 26, an I/O interface 28, a hash unit 30 and a scratchpad 
memory 32. The PCI bus interface 26 provides an interface to 
a PCI bus (not shoWn). The I/O interface 28 is responsible for 
controlling and interfacing the processor 12 to the netWork 
devices 14, 16. The memory system 18 includes a Dynamic 
Random Access Memory (DRAM) 34, Which is accessed 
using a DRAM controller 36 and a Static Random Access 
Memory (SRAM) 38, Which is accessed using an SRAM 
controller 40. Although not shoWn, the processor 12 also 
Would include a nonvolatile memory to support boot opera 
tions. The DRAM 34 and DRAM controller 36 are typically 
used for processing large volumes of data, e.g., processing of 
payloads from netWork packets. In a netWorking implemen 
tation, the SRAM 38 and SRAM controller 40 are used for 
loW latency, fast access tasks, e.g., accessing look-up tables, 
memory for the processor 24, and so forth. The microengines 
20 can execute memory reference instructions to either the 
DRAM controller 36 or the SRAM controller 40. 

[0012] The devices 14 and 16 can be any netWork devices 
capable of transmitting and/ or receiving netWork tra?ic data, 
such as framing/ MAC devices, e.g., for connecting to 
10/ 100BaseT Ethernet, Gigabit Ethernet, ATM or other types 
of netWorks, or devices for connecting to a sWitch fabric. For 
example, in one arrangement, the netWork device 14 could be 
an Ethernet MAC device (connected to an Ethernet netWork, 
not shoWn) that transmits packet data to the processor 12 and 
device 16 could be a sWitch fabric device that receives pro 
cessed packet data from processor 12 for transmission onto a 
sWitch fabric. In such an implementation, that is, When han 
dling traf?c to be sent to a sWitch fabric, the processor 12 
Would be acting as an ingress netWork processor. Altema 
tively, the processor 12 could operate as an egress netWork 
processor, handling traf?c that is received from a sWitch 
fabric (via device 1 6) and destined for another netWork device 
such as netWork device 14, or netWork coupled to such device. 
Although the processor 12 can operate in a standalone mode, 
supporting both traf?c directions, it Will be understood that, to 
achieve higher performance, it may be desirable to use tWo 
dedicated processors, one as an ingress processor and the 
other as an egress processor. The tWo dedicated processors 
Would each be coupled to the devices 14 and 16. In addition, 
each netWork device 14, 16 can include a plurality of ports to 
be serviced by the processor 12. The I/O interface 28 there 
fore supports one or more types of interfaces, such as an 
interface for packet and cell transfer betWeen a PHY device 
and a higher protocol layer (e.g., link layer), or an interface 
betWeen a tra?ic manager and a sWitch fabric for Asynchro 
nous Transfer Mode (ATM), Internet Protocol (IP), Ethernet, 
and similar data communications applications. The U0 inter 
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face 28 includes separate receive and transmit blocks, each 
being separately con?gurable for a particular interface sup 
ported by the processor 12. 
[0013] Other devices, such as a host computer and/or PCI 
peripherals (not shoWn), Which may be coupled to a PCI bus 
controlled by the PC interface 26 are also serviced by the 
processor 12. 
[0014] In general, as a netWork processor, the processor 12 
can interface to any type of communication device or inter 
face that receives/ sends large amounts of data. The processor 
12 functioning as a netWork processor could receive units of 
packet data from a netWork device like netWork device 14 and 
process those units of packet data in a parallel manner, as Will 
be described. The unit of packet data could include an entire 
netWork packet (e.g., Ethernet packet) or a portion of such a 
packet, e.g., a cell or packet segment. 
[0015] Each of the functional units of the processor 12 is 
coupled to an internal bus structure 42. Memory busses 44a, 
44b couple the memory controllers 36 and 40, respectively, to 
respective memory units DRAM 34 and SRAM 38 of the 
memory system 18. The U0 Interface 28 is coupled to the 
devices 14 and 16 via separate I/O bus lines 4611 and 46b, 
respectively. 
[0016] Referring to FIG. 2, an exemplary one of the 
microengines 20 is shoWn. The microengine (ME) 20 
includes a control unit 50 that includes a control store 51, 
control logic (or microcontroller) 52 and a context arbiter/ 
event logic 53. The control store 51 is used to store a micro 
program. The microprogram is loadable by the processor 24. 
[0017] The microcontroller 52 includes an instruction 
decoder and program counter units for each of supported 
threads. The The context arbiter/event logic 53 receives mes 
sages (e. g., SRAM event response) from each one of the share 
resources, e.g., SRAM 38, DRAM 34, or processor core 24, 
and so forth. These messages provides information on 
Whether a requested function has completed. 
[0018] The context arbiter/ event logic 53 has arbitration for 
the eight threads. In one embodiment, the arbitration is a 
round robin mechanism. HoWever, other arbitration tech 
niques, such as priority queuing or Weighted fair queuing, 
could be used. 
[0019] The microengine 20 also includes an execution 
datapath 54 and a general purpose register (GPR) ?le unit 56 
that is coupled to the control unit 50. The datapath 54 includes 
several datapath elements, e. g., and as shoWn, a ?rst datapath 
element 58, a second datapath element 59 and a third datapath 
element 60. The datapath elements can include, for example, 
an ALU and a multiplier. The GPR ?le unit 56 provides 
operands to the various datapath elements. The registers of 
the GPR ?le unit 56 are read and Written exclusively under 
program control. GPRs, When used as a source in an instruc 
tion, supply operands to the datapath 54. When use as a 
destination in an instruction, they are Written With the result of 
the datapath 54. The instruction speci?es the register number 
of the speci?c GPRs that are selected for a source or destina 
tion. Opcode bits in the instruction provided by the control 
unit 50 select Which datapath element is to perform the opera 
tion de?ned by the instruction. 
[0020] The microengine 20 further includes a Write transfer 
register ?le 62 and a read transfer register ?le 64. The Write 
transfer register ?le 62 stores data to be Written to a resource 
external to the microengine (for example, the DRAM 
memory or SRAM memory). The read transfer register ?le 64 
is used for storing return data from a resource external to the 
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microengine 20. Subsequent to or concurrent With the data 
arrival, event signals 65 from the respective shared resource, 
e.g., memory controllers 36, 40, or core 24, canbe provided to 
alert the thread that requested the data that the data is available 
or has been sent. Both of the transfer register ?les 62, 64 are 
connected to the datapath 54, the GPR ?le unit 56, as Well as 
the control unit 50. 
[0021] Also included in the microengine 20 is a local 
memory 66. The local memory 66, Which is addressed by 
registers 68a, 68b, also supplies operands to the datapath 54. 
The local memory 66 receives results from the datapath 54 as 
a destination. The microengine 20 also includes local control 
and status registers (CSRs) 70 for storing local inter-thread 
and global event signaling information, as Well as other infor 
mation, and a CRC unit 72, coupled to the transfer registers, 
Which operates in parallel With the execution datapath 54 and 
performs CRC computations for ATM cells. The local CSRs 
70 and the CRC unit 72 are coupled to the transfer registers, 
the datapath 54 and the GPR ?le unit 56. 
[0022] In addition to providing an output to the Write trans 
fer unit 62, the datapath 54 can also provide an output to the 
GPR ?le 56 over line 80. Thus, each of the datapath elements 
can return a result value from an executed. 

[0023] The functionality of the microengine threads 22 is 
determined by microcode loaded (via the core processor 24) 
for a particular user’s application into each microengine’s 
control store 51. For example, in one exemplary thread task 
assignment, one thread is assigned to serve as a receive sched 
uler thread and another as a transmit scheduler thread, a 
plurality of threads are con?gured as receive processing 
threads and transmit processing threads, and other thread task 
assignments include a transmit arbiter and one or more core 
communication threads. Once launched, a thread performs its 
function independently. 
[0024] Referring to FIG. 3, the CSRs 70 include a context 
enable register (“CTX_Enable”) 90, Which includes an “in 
use” contexts ?eld 92 to indicate a pre-selected number of 
threads or contexts in use. The “in use” contexts ?eld 92 
stores a single bit, Which When cleared (XIO) indicates all of 
the 8 available threads are in use, and Which When set (XII) 
indicates that only a prede?ned number, e.g., 4, more speci? 
cally, threads 0, 2, 4 and 6, are in use. 
[0025] As shoWn in FIG. 4, the GPRs of the GPR ?le unit 56 
may be physically and logically contained in tWo banks, anA 
bank 56a and a B bank 56b. The GPRs in both banks include 
a data portion 100 and an address portion 102. Coupled to 
each register address path 102 is a multiplexor 104, Which 
receives as inputs a thread number 104 and register number 
106 (from the instruction) from the control unit 50. The out 
put of the multiplexor 104, that is, the form of the “address” 
provided to the address path 102 to select one of the registers 
109, is controlled by an enable signal 110. The state of the 
enable signal 110 is determined by the setting of the “In_Use” 
Contexts bit in the ?eld 92 of the CTX_Enable register 90. 
[0026] Conventionally, each thread has a ?xed percentage 
of the registers allocated to it, for example, one-eighth for the 
case of eight threads supported. If some threads are not used, 
the registers dedicated for use by those unused threads go 
unused as Well. 

[0027] In contrast, the use of the multiplexor 104 controlled 
by “in use” contexts con?guration information in the CTX_ 
Enable CSR 90 enables a re-partitioning of the number of bits 
of active thread number/ instruction (register number) bits in 
the register address and therefore a re-allocation of registers 
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to threads. More speci?cally, When the bit in ?eld 92 is equal 
to a “0”, the number of “in use” threads is 8, and the enable 
110 controls the multiplexor 104 to select all of the bits of the 
active thread number 106 and all but the most signi?cant bit 
from the register number 108 speci?ed by the current instruc 
tion. Conversely, When the bit in ?eld 92 is set to a “l”, the 
number of “in use” threads is reduced by half, and the number 
of registers available for allocation is redistributed so that the 
number of registers allocated per thread is doubled. 
[0028] FIG. 5 shoWs the thread allocation for a register ?le 
of 32 registers. For 8 threads, thread numbers 0 through 7, 
each thread is allocated a total of four registers. For 4 threads, 
thread numbers 0, 2, 4 and 6, each thread is allocated a total of 
eight registers. 
[0029] FIGS. 6A and 6B shoW a register ?le (single bank, 
for example, register ?le 56a) having 32 registers available 
for thread allocation and re-allocation among a maximum of 
eight supported threads. In an 8-thread con?guration 120, that 
is, the case of eight threads in use, shoWn in FIG. 6A, each of 
the threads is allocated four registers. The multiplexor 104 
selects all three bits of the binary representation of the thread 
number and all bits except the most signi?cant bit (that is, 
selects tWo bits (bits 0 and 1)) of the binary representation of 
the register number from the instruction because the enable 
110 is loW. For a 4-thread con?guration 122, that is, When 
enable 110 is high and thus four threads, as illustrated in FIG. 
6B, each of the four threads is allocated eight registers. The 
multiplexer 104 selects all but the least signi?cant bit (in this 
case, selects tWo bits, bits 1 and 2) of the binary representation 
of the thread number and selects all three bits (bits 0-2) of the 
binary representation of the register number from the instruc 
tion. Thus, the address into the register ?le is a concatenation 
of bits of the currently active thread number With bits of the 
register number from the instruction, and the contributing 
number of bits from each is determined by the setting of the 
ln_Use contexts bit 92 in the CTX_Enable register 90 (from 
FIG. 3). 
[0030] Thus, the GPRs are logically subdivided in equal 
regions such that each context has relative access to one of the 
regions. The number of regions is con?gured in the ln_Use 
contexts ?eld 92, and can be either 4 or 8. Thus, a context 
relative register number is actually associated With multiple 
different physical registers. The actual register to be accessed 
is determined by the context making the access request, that 
is, the context number concatenated With the register number, 
in the manner described above. Context-relative addressing is 
a poWerful feature that enables eight or four different threads 
to share the same code image, yet maintain separate data. 
Thus, instructions specify the context-relative address (reg 
ister number). For eight active contexts, the instruction 
alWays speci?es registers in the range of 0-3. For four active 
contexts, the instruction alWays speci?es registers in the 
range of 0-7. 

[0031] Referring back to the table shoWn in FIG. 4, the 
absolute GPR register number is the register number that is 
actually used by the register address path (decode logic) to 
access the speci?c context-relative register. For example, 
With 8 active contexts, context-relative thread 0 for context 
(or thread) 2 is 8. 
[0032] The above thread GPR allocation scheme can be 
extended to different numbers of threads (based on multiples 
of 2) and registers, for example, re-allocating a total of 128 
registers from among a maximum number of 8 “in use” 
threads (16 registers each) to 4 “in use” threads (32 registers 
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each), or re-allocating a total of 128 registers from among a 
maximum number of l 6 “in use” threads (8 registers each) to 
8 “in use” threads (16 registers each). 
[0033] Other embodiments are Within the scope of the fol 
loWing claims. 

What is claimed is: 
1. A method of allocating resources in a multithreaded 

processor comprising: 
providing resources for use by execution threads supported 

by the multithreaded processor; and 
applying con?guration information to a selection of the 

resources to allocate the resources among active ones of 
the execution threads. 

2. The method of claim 1 Wherein the resources comprise: 
registers in a general purpose register ?le. 
3. The method of claim 1 Wherein the con?guration infor 

mation comprises: 
a con?guration bit Which When cleared indicates all of the 

supported execution threads as the active ones and When 
set indicates a portion of the supported execution threads 
as the active ones. 

4. The method of claim 1 Wherein the con?guration infor 
mation comprises: 

a con?guration bit Which When cleared indicates all of the 
supported execution threads as the active ones and When 
set indicates half of the supported execution threads as 
the active ones. 

5. The method of claim 3, Wherein the con?guration bit 
resides in a control and status register. 

6. The method of claim 2 Wherein the general purpose 
register ?le includes an address decode portion and a multi 
plexor coupled to the address decode portion, the multiplexor 
to receive a thread number and a register number as inputs and 
to select bits of the thread number and the register number 
based on the con?guration information to form an address 
corresponding to one of the registers. 

7. The method of claim 6 Wherein the con?guration infor 
mation indicates selection of all but the least signi?cation bit 
of the thread number and all bits of the register number. 

8. The method of claim 6 Wherein the con?guration infor 
mation indicates selection of all but the most signi?cant bit of 
the register number and all bits of the thread number. 

9. The method of claim 6 Wherein the selected bits of the 
register number form a thread-relative register number. 

10. A processor comprising: 
resources for use by execution threads supported by the 

processor; and 
a resource selector to receive con?guration information 

and to allocate the resources among active ones of the 
execution threads based on the con?guration informa 
tion. 

11. The processor of claim 10 Wherein the resources com 
prise: 

registers in a general purpose register ?le. 
12. The processor of claim 10 Wherein the con?guration 

information comprises: 
a con?guration bit Which When cleared indicates all of the 

supported execution threads as the active ones and When 
set indicates a portion of the supported execution threads 
as the active ones. 
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13. The processor of claim 10 wherein the con?guration 
information comprises: 

a con?guration bit Which When cleared indicates all of the 
supported execution threads as the active ones and When 
set indicates half of the supported execution threads as 
the active ones. 

14. The processor of claim 12, Wherein the con?guration 
bit resides in a control and status register. 

15. The processor of claim 11 Wherein the general purpose 
register ?le includes an address decode portion and the 
resource selector is a multiplexor coupled to the address 
decode portion, the multiplexor to receive a thread number 
and a register number as inputs and to select bits of the thread 
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number and the register number based on the con?guration 
information to form an address corresponding to one of the 
registers. 

16. The processor of claim 15 Wherein the con?guration 
information indicates selection of all but the least signi?ca 
tion bit of the thread number and all bits of the register 
number. 

17. The processor of claim 15 Wherein the con?guration 
information indicates selection of all but the most signi?cant 
bit of the register number and all bits of the thread number. 

18. The processor of claim 15 Wherein the selected bits of 
the register number form a thread-relative register number. 

* * * * * 


