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7) ABSTRACT

The present invention is a method for inter-cluster commu-
nication that employs register permutation by dynamically
mapping the registers to the functional units. Because only
the mapping between registers and functional units is
changed and no actual data movement occurs, the present
invention greatly diminishes the power consumption. Owing
to the inter-cluster communication mechanism, a centralized
register file can be replaced with small register sub-blocks,
where the silicon area is greatly reduced, and the access time
and the power consumption are also diminished.
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FIELD OF THE INVENTION

[0013] The present invention relates to a method for
inter-cluster communications, more particularly, the present
invention relates to lessen the interconnection complexity of
register files and to reduce the silicon area or power con-
sumption of high-performance digital signal processors.

DESCRIPTION OF RELATED ART

[0014] Modern multimedia and communication systems
are apt to require capability of giga-operations per second.
IC techniques today are able to easily integrate tens to
hundreds of arithmetic units (AUs) into one processor, and
when the processor is working on the clock frequency of
hundreds of MEGA-Hz to some GIGA-Hz, the above
requirement can be easily achieved. But the major design
problem is on how to organize the data to flow smoothly
among the parallel functional units (FUs) in limited data
bandwidth.

[0015] Traditional RISC processors separate memory
accesses from computations to lessen the complexity of this
problem. But the extensibility of the centralized register file
in its structure, which is in charge of the data exchange and
buffering, is very bad, and has become the bottleneck of
high-performance processor designs. Suppose that P ports
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are needed for N FUs. Then the silicon area, the access time,
and the power consumption of a centralized register file
containing n registers is to grow in direct ratio of about nP?
and n'?P and nP?. n and N are approximately in direct ratio
and P is about 3~4 N, which means the growth rates of area,
access time, and power consumption are N° and N** and N°
respectively. So, nowadays, centralized register file designs
of a processor that contains 4 to 8 parallel FUs have covered
almost a half of the processor core and its access time may
be accomplished through more than one pipeline stage. The
major key to a successful processor design is on how to
design a register file of high efficiency and low power
consumption.

[0016] Today, most efficient register file designs are by
ways of partitioning, which means to partition the said
centralized register file into several blocks to reduce the
overall complexity. There are two ways for partitioning a
register file:

[0017]

[0018] FUs are partitioned into several clusters, where the
FUs in each cluster are to access the registers in the
belonging cluster and the data exchanges between clusters
are accomplished by extra interconnection network. Each
cluster of symmetric partitioning usually has complete FUs,
which is able to accomplish a given task independently, so
that the data exchange is not frequent. Therefore, the inter-
cluster communication is minimal. On the contrary, non-
symmetric clusters need extensive data exchanges. For
instance, the distributed register file (as shown in FIG. 5) is
an extreme non-symmetric partitioning example, where each
FU has its own registers. It has a crossbar router to store the
computed results to the registers of the FUs that need the
results to complete the computing process.

[0019] Hierarchical register file is a very special case from
non-symmetric partitioning (as shown in FIG. 6), which
divides the load/store units and the arithmetic units into two
clusters. The registers of the load/store cluster can be
regarded as an additional memory hierarchy, where the
maintenance and the update of its content are controlled and
coordinated by processor instructions.

[0020]

[0021] Different ways of clustering require different data
exchange mechanisms, which can be classified as the fol-
lowing three methods:

[0022] A. Copy Instructions (as Shown in FIG. 7).

[0023] The inter-cluster communication is done by
explicit “copy” instructions. It requires some extra ports of
the register files in each cluster. One implementation is to
use the existing slots for the copy instructions and thus to
reuse the existing input (or output) ports of the register files.
The drawback is that some FUs lic idle while executing the
copy instructions. The other implementation is to use dedi-
cated instruction slots at the cost of additional input and
output ports. By the way, the extra slots might significantly
increase the program size.

1. Clustering

Data Exchange Mechanisms Between Clusters:
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[0024] B. Extended Accesses (as Shown in FIG. §):

[0025] The FUs have limited read or write accesses to the
register files of other clusters. The register file of each cluster
needs to support the corresponding read or, write ports with
extra external interconnection network and control.

[0026]

[0027] Each cluster has access ports connected to a com-
mon storage and data are exchanged through this shared
storage.

[0028]

[0029] The above techniques with FU clustering offer
respective temporary registers for different computing clus-
ters and use extra interconnection network for data exchange
between the clusters. Yet this technique is by using the way
how physical ports and logical ports are mapped to reduce
the complexity of the register file, where each FU is able to
access every register directly. For example, a centralized
register file (i.e. requires P=3N) can be divided into N banks,
and each bank has only 3 ports. It needs hardware stalls or
software techniques to resolve the access conflicts.

[0030] The above methods all need extra ports and inter-
connection network to exchange data between clusters and
they consume large silicon area and significant power. In
addition, most of the above methods require redundant data
movements, which waste more time and power.

C. Shared Storage (as Shown in FIG. 9):

2. Banking

BRIEF SUMMARY OF THE INVENTION

[0031] The present invention divides a centralized register
file into local and global registers. Global registers are to act
as the communication mechanism between each cluster by
way of permutation to eliminate the extra ports for inter-
cluster communications. It is able to move data by permu-
tation of the registers.

[0032] Another purpose of the present invention is to use
it in a structure like high-performance DSP, which needs
high data bandwidth so that the data moving between
registers are greatly reduced to diminish power consump-
tion. Moreover, the present invention is able to properly
partition the register file, so as to reduce the silicon area and
the access time.

[0033] To achieve the above goals, the present invention
describes a method for the inter-cluster communication that
employs register permutation, where the clusters exchange
data by mapping the interconnection ports of the said global
registers dynamically to the clusters via permutation. Each
register block can be assigned only exclusively to a cluster,
and thus it requires access ports for a single cluster. Because
the data exchange is done by changing the port mapping
only and it has nothing to do with the actual data move-
ments, an inter-cluster communication mechanism with high
bandwidth and low power consumption is achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The present invention will be better understood
from the following detailed descriptions of the preferred
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embodiments of the invention, taken in conjunction with the
accompanying drawings, in which

[0035] FIG. 1 is a diagram illustrating the register file
structure of the present invention;

[0036] FIG. 2 is a diagram illustrating the ping-pong
hierarchical register file according to the present invention,

[0037] FIG. 3 is another diagram illustrating a possible
embodiment of the present invention,

[0038] FIG. 4 is a diagram illustrating the symmetric
clustering of functional units of the prior art;

[0039] FIG. 5 is a diagram illustrating the distributed
register file of the prior art;

[0040] FIG. 6 is a diagram illustrating the hierarchical
register file of the prior art;

[0041] FIG. 7 is a diagram illustrating the inter-cluster
communication via copy instructions of the prior art;

[0042] FIG. 8 is a diagram illustrating the inter-cluster
communication via extended access of the prior art; and

[0043] FIG. 9 is a diagram illustrating the inter-cluster
communication via share storage of the prior art.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0044] The following descriptions of the preferred
embodiments are provided to understand the features and the
structures of the present invention.

[0045] Please refer to FIG. 1, FIG. 2, and FIG. 3, which
are a diagrams illustrating the register file structure of the
present invention, the ping-pong hierarchical register file
according to the present invention, and another possible
embodiment of the present invention. As shown in the above
figures, the present invention is a method for inter-cluster
communications that employs register permutation, which
can be applied on any number of clusters. The said clusters
have registers partitioned into a local file and a global file.
The clusters exchange the data by permuting their respective
global register files, which is done by dynamically changing
the port mapping between the global register files and the
FUs. Neither the size of the said partitions nor the number
of connection ports is limited and the mapping between FU
and global register files is done by external routing. The said
routing can be a cross-bar router or some other intercon-
nection networks. The said permutable global registers can
be regarded as shared storage of the said clusters (as shown
in FIG. 1), which are divided into plurality of banks 1a 1b.
The data exchange between the said clusters is done by
switching the said register banks, and has nothing to do with
actual data movements. This technique works like register
banking, where the physical ports and the logical ports are
dynamically mapped to reduce the complexity of the cen-
tralized register file. Each FU is able to exclusively access
every global register directly. By doing so, data exchange
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mechanism of high bandwidth is built up, which also greatly
reduces the silicon area, the access time, and the power
consumption.

[0046] The followings are two examples of the hardware
embodiments:

[0047] () 2-Way VLIW Digital Signal Processor (DSP):

[0048] As shown in FIG. 2, the embodiment is carried out
on a 2-way VLIW DSP, where the load/store (L/S) unit and
the arithmetic unit (AU) have respective local registers 12
and global registers 13. The permutation of global registers
(RO~R15) for inter-cluster communication works as a ping-
pong buffer for the two clusters. Here the extra hardware
needed is only a switch for each cluster to select the
appropriate global register file.

[0049] () 4-Way VLIW DSP

[0050] As shown in FIG. 3, the embodiment is carried out
on a 4-way VLIW DSP with an additional L/S unit and AU.
The deployed ring structure register file is composed of 8
sub-blocks. Each L/S unit or AU is collocated with a set of
local registers 23 (RO~R7) and global registers 24
(R8~R15). An offset (0~3) is assigned for dynamic port
mapping as the amount of rightward deviation of the global
registers 24. If the said amount of deviation is 0, each global
register file 24 is mapped to its original FU. If the said
amount is 1, the connection of the global register file 24 is
deviated rightward by one FU, and so forth. The following
is an example program for a 64-tap FIR filter. Two inde-
pendent clusters can be easily recognized, where the ring-
structure register file comprises two sets of ping-pong hier-
archical register files. Each one is identical to that of the
previous 2-way VLIW DSP example

EXAMPLE

64-Tap Finite Impulse Response (FIR) Filter
[0051]

Sep. 15, 2005

[0052]

[0053] 35 instruction cycles for 2 output; i.e. 17.5 cycle/
output [text missing or illegible when filed]66 taps/
cycle SIMD MAC: MAC_V 10, 18, r9; r0=r0+r8.Hi*r9.Hi &
rl=r1+:18.Lo*r9.Lo

[0054] This is an example of a 64-tap FIR filter, which
generates 1024 results. The memory is half-word address-
ing, where the inputs and the outputs are stored as 16-bit
fractional and 32-bit fixed-point numbers respectively. The
inner loop (7,i8) loads 4 16-bit inputs and 4 16-bit constants
to 2 32-bit 18 registers and 2 32-bit 19 registers. The L/S
units update the address registers r0, r1, and the AUs execute
SIMD MAC operations simultaneously. After multiplying
and accumulating 32 16-bit items with 40-bit accumulators,
10 and rl are summed up and stored to the ring (global)
register r8. In the end, r8 is stored to the memory through
LS.

[0055] The preferred embodiment herein disclosed is not
intended to unnecessarily limit the scope of the invention.
Therefore, simple modifications or variations belonging to
the equivalent of the scope of the claims and the instructions
disclosed herein for a patent are all within the scope of the
present invention.

Remarks:

What is claimed is:

1. Amethod for inter-cluster communication that employs
register permutation, wherein the clustered functional units
have some global registers, and the said clusters exchange
data by permuting the said global registers of each cluster.

2. The method for inter-cluster communication that
employs register permutation according to claim 1, wherein
the register permutation is done by dynamically changing
the port mapping between the global registers and the
functional units.

3. The method for inter-cluster communication that
employs register permutation according to claim 2, wherein
the said port mapping is done by a crossbar router or by,other
routing structures.

Syntax: #, ring offset, instr0, instrl, instr2, instr3 (m@halfword addressed)

i0 0; MOV 10,COEF; MOV 10,COEF; MOV 10,0;
il 0; MOV r1X; MOV 11,X+1; NOP; NOP;
2 0; MOV 12,Y: MOV 12,Y+2; NOP; NOP;

MOV 10,0,

// assume halfword (16-bit} input & word (32bit) cutput

i3 RPT 512,8; // 2 outputs per iteration & total 1024 outputs
4 0; LW_D 18,19,(10)+2;  LW_D 18,19,(10)+2; MOV 11,0}

MOV 11,0,

i5 RPT 152;  // loop kernel: 60 MAC_V, including 120 multiplication (2 outiput

i6 2; LW_D 18,19,(10)+2;
17 0; LW_D 18,19,(10)+2;
i8 2; LW_D 18,19,(10)+2;

LW_D 18,19,(10)+2; MAC_V 10,18,19; MAC_V 10,r
LW_D 18,:9,(10)+2; MAC_V 10,18,19; MAC_V 10,r
LW_D 18,9,(t0)+2; MAC_V 10,18,19; MAC_V r0,r

ADD 18,10,

i9 0; MOV 10,COEF; MOV 10,COEF; MAC_V 10,18,19; MAC_V 10,r
110 0; ADDI r1,r1,-60; ADDI 11,r1,-60; ADD 18,10,11;
11 2; SW (12)+4,18; SW (12)+4,18; MOV 10,0;

MOV 10,0,

@ indicates text missing or illegible when filed
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4. The method for inter-cluster communication that 5. The method for inter-cluster communication that
employs register permutation according to claim 1, wherein ~ ¢mploys register permutation according to claim 1, further
neither the size of the said partitioned register files nor the comprising any number of cluster structures.

number of the said ports is limited. ok ok F %



