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ADDRESS GENERATOR FOR LOCAL SYSTEM 
MEMORY IN RECONFIGURABLE LOGIC CHIP 

DESCRIPTION OF THE RELATED ART 

[0001] This application is a Continuation-in-Part of Appli 
cation Ser. No. 09/343,477 ?led Jun. 30, 1999, Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to recon?gurable 
logic systems. Recon?gurable logic uses different con?gu 
rations to have a recon?gurable chip implemented for a 
number of different functions. 

[0003] One groWing use of recon?gurable chips is in 
recon?gurable computing. In recon?gurable computing, an 
algorithm is implemented using a recon?gurable chip Which 
has a number of recon?gurable functional units adapted to 
implement different functions. The recon?gurable functional 
units can be implemented to run a portion of the algorithm. 
A different portion of the algorithm can be implemented by 
implementing different con?gurations into the recon?g 
urable functional unit. One type of recon?gurable logic 
system uses recon?gurable functional units that have arith 
metic logic units. These arithmetic logic units can be pro 
grammed using different con?gurations that implement the 
algorithm. In one embodiment, the data from the recon?g 
urable functional units can be loaded from or obtained from 
a memory unit on the recon?gurable logic chip. One 
example of a recon?gurable logic system has the addresses 
for the memory produced by the recon?gurable functional 
units. 

[0004] It is desired to have an improved recon?gurable 
logic system. 

SUMMARY OF THE INVENTION 

[0005] One embodiment of the present invention is a 
recon?gurable logic system including a recon?gurable func 
tional unit that is adapted to implement a number of func 
tions and an address generating memory unit operably 
connected to the recon?gurable functional unit. The address 
generating memory unit, including a memory, has at least 
one address generator adapted to construct an address for the 
memory. In one embodiment, the address generator is able 
to construct a sequence of addresses for the memory unit 
using an incrementor. Since the address generating memory 
unit can produce a sequence of addresses, the recon?gurable 
functional unit is freed for other operations and thus the 
ef?ciency of the recon?gurable logic system is improved. 

[0006] In a preferred embodiment, there are tWo address 
generating memory units: one producing the Write address 
and one producing the read address for the memory unit. In 
one embodiment, the address generator is implemented 
including an adder to add an incremented value from a prior 
address. In one embodiment, a match register is used so that 
the generation of the address is in the ?rst portion of the 
address generator and can be matched With the actual 
internal address provided to the memory. Also, in one 
embodiment, a multiplexer is used to provide multiple 
different input to the address generator. These inputs may 
include an input, an incremented value input, an address 
from a recon?gurable functional unit, a feeedback address, 
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and the like. The control for the multiplexer can be provided 
by bits in the con?guration of the recon?gurable functional 
unit. In another embodiment of the present invention, the 
address generator has different modes in Which, depending 
upon the mode, the system operates in a different fashion. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0007] FIG. 1 is a diagram that illustrates a recon?gurable 
logic system. 

[0008] FIG. 2 is a diagram that illustrates a slice of a 
recon?gurable logic system of FIG. 1. 

[0009] FIG. 3 is a diagram that illustrates an address 
generating memory unit of the system of the present inven 
tion. 

[0010] FIG. 4 illustrates a diagram of one embodiment of 
an address generator for the address generating memory unit 
of the system of the present invention. 

[0011] FIG. 5 is an alternate embodiment of an address 
generating unit for the system of the present invention. 

[0012] FIG. 6 is a diagram of a recon?gurable functional 
unit of one embodiment of the present invention. 

[0013] FIGS. 7A and 7B are diagrams illustrating an 
alternate embodiment of the present invention. 

[0014] FIG. 8 is a diagram of one embodiment of a 
recon?gurable functional unit that can be used With one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0015] FIG. 1 shoWs a recon?gurable logic system 20. 
The recon?gurable logic system 20 is connected to an 
external memory 22. The con?gurations from the external 
memory 22, along With the data loaded by the memory 
controller 24 and loaded upon the system data bus 26 system 
address bus 28. The recon?gurable chip includes a DMA 
control bus interface 30, a con?guration buffer 32 and the 
recon?gurable slices 34, 36, 38 and 40 With recon?gurable 
memory. Also shoWn is fabric set up control logic 44 and 
CPU 42. 

[0016] FIG. 2 is a diagram of a slice that shoWs a number 
of local memories and data path units or recon?gurable 
functional units in a tile of each slice. ShoWn in FIG. 2 is a 
slice 50 With a tile 52, including a local memory 54, and 
multiple data path units 56 and 58. Also shoWn is a multi 
plier unit 59. 

[0017] FIG. 3 is a diagram that illustrates a memory unit 
including the address unit of the system of one embodiment 
of the present invention. The diagram of FIG. 3 shoWs a 
single recon?gurable functional unit and local memory unit. 
The interconnecting pass gates 60, 6264 and 66 alloW the 
connections betWeen the local memory unit and other recon 
?gurable functional units (not shoWn). Recon?gurable func 
tional unit 72 can produce a lead address onto line 74, and 
a Write address onto line 76. These addresses can, depending 
upon the state of the tri-state buffers 78 and 80, be placed 
upon the Write address bus 82 With a read address bus 84. 
These addresses can be sent to other local memory units (not 
shoWn) through pass gates 60 and 62. Local memory unit 70 
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includes a read address generator 86 and a Write address 
generator 88. In one embodiment, a single address generator 
is shared for the reading and the Writing of the memory unit. 

[0018] Also associated With the local memory unit 70 is a 
conventional memory unit 90 Which can be constructed in 
conventional Ways of the memory. In a preferred embodi 
ment, the conventional memory unit 90 is a multi-port 
memory 90. The data provided through memory unit 90 can 
be provided off of Write data line 92 and the data read from 
the conventional memory unit 90 is Written to the read data 
line 94. The data can be Written to and read from by the 
recon?gurable functional 72 or other recon?gurable func 
tional units not shoWn or connected to the read and Write 
data lines 94 and 92. 

[0019] In a preferred embodiment, an address generator, 
used in the local memory unit 70 can produce addresses for 
the conventional memory unit 90, thus freeing the recon 
?gurable functional unit 72 from having to continually 
produce the addresses. This is especially the case When a 
sequence of addresses is to be read from or Written to the 
conventional memory unit 90. In that case, the address unit 
86 can construct the sequence of addresses Without the 
addresses being provided by the recon?gurable functional 
unit 72, or other recon?gurable functional units. 

[0020] In one embodiment, the address generator includes 
an incrementor unit, incrementing the addresses by prede 
termined amounts, so that the addresses can folloW a 
sequence to read and Write in data in or out of the memory 
unit 90. 

[0021] FIGS. 4 and 5 illustrate examples of address 
generators for use With the system of the present invention. 
FIG. 4 is a diagram of an address generator. The ?rst portion 
of the address generator, includes a multiplexer 100, used to 
select the next address value. In the example shoWn in FIG. 
4, the selectable inputs include a base register value is stored 
in a register 102, the old register value from feedback line 
114, the address 106, from an address line, such as that 
provided by a recon?gurable functional unit, and an input 
from an incrementor 108 using an adder 110 and an incre 
ment register 112. Incrementor 108 alloWs for the address 
values to move through a sequence. A register 114 receives 
the output of the multiplexer 110. 

[0022] In one embodiment, the control for the multiplexer 
110 can be provided by bits associated With an output control 
?eld from a recon?gurable functional unit. This can be sent 
along a line, such as the lines 82 or 84, as shoWn in FIG. 3, 
or by a direct connection betWeen the recon?gurable func 
tional unit and a local memory unit. FIG. 5 beloW describes 
the system Which has an additional mode bit controlling the 
mode of the address generator. Looking again at FIG. 4, the 
address generator also has a mask unit 116, comprising a 
mask register 118 and unit 120. The mask portion 116 alloWs 
the ?rst portion 122 to construct the sequence of addresses 
that keeps incrementing. The mask register region 116 
alloWs for only the loWer bits to be used as the internal 
address to the memory. This alloWs the addresses from 
section 122 to keep incrementing While the addresses to the 
memory Will cycle. The address on line 124 is sent to the 
memory portion of the system. Also shoWing is an ID bit 
register 126 that checks Whether certain further bits are set, 
so as Whether to set the enable line 128 to the memory 
shoWn. 
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[0023] FIG. 5 illustrates an address generator unit With the 
mode register 140. Generally if the mode bit is 0, the output 
to the next generator can an address obtained from the data 
path unit 142. If the mode bit is 1 then the addresses can use 
the base value from register 144. 

[0024] Looking again at FIG. 5, if the mode bit is Zero, 
CSM [1] is Zero and CSM [0] is Zero, then the input address 
Will be the address 142 from the data path unit. Note that the 
output of the OR 156 Will be a Zero, since the CSM [1] is 
Zero and CSM [0] is Zero. This causes the multiplexer 158 
to be a Zero, causing the address from the recon?gurable 
functional unit (DPU) 142 to be provided to the Zero 

[0025] If the mode is a Zero, CSM[1] is a Zero, and CSM 
[0] is a 1, multiplexer 148 Will provide the DPU value to the 
adder 150. Multiplexer 152 Will provide the increment value 
to the adder 150. The combined DPU address and increment 
value are sent to the multiplexer 154. Logic element 162 
provides Zero to the multiplexer, a Zero to the control of the 
multiplexer 154. Thus, the DPU and increment value is sent 
to the multiplexer 158. The output of the Or 156 Will a 1, so 
that the DPU plus the increment value are provided to the 
register 160. 

[0026] If the mode is a Zero, CSM [1] is a 1 and CSM [0] 
is a Zero, the old address value from register 160 is output 
from the multiplexer 148. This is added to a Zero value in the 
adder 150. Logic 162 selects the address value from the 
adder 150 and provides it to the multiplexer 158. The OR 
unit 156 selects this address value and then sends it to the 
register 160. In this manner, the value from the register 160 
is fed back to itself and the address stays the same. 

[0027] If the mode is a Zero, CSM [1] is a 1 and CSM [0] 
is a 1, then the address value from the register 160 is 
combined With the increment value and passed through the 
multiplexers 154 and 158 to the register 160. 

[0028] If the mode is a 1, CSM [1] is a Zero, and CSM [0] 
is a Zero, logic 162 is high and the Zero value is provided 
through multiplexer 164, 154, 158 to the register 160. 

[0029] If the mode is a 1, CSM [1] is a Zero, and CSM [0] 
is a 1, then the base value in register 144 is provided through 
multiplexer 164, multiplexer 154 and multiplexer 158 to the 
register 160. 

[0030] If the mode is a 1, the CSM [1] is a 1, and CSM [0] 
is a Zero, then the address value is fed back to the register 
160. 

[0031] If the mode is a 1 CSM [1] is a 1, then CSM [0] is 
a 1, then the fed-back address value is incremented and 
provided to the register 160. The breakdoWn of the different 
values is given beloW. 

[0032] Address generator is added to the LSM; 

[0033] tWo neW CSM bits and a mode bit are needed 
to decode the eight available modes of the address 
generator; 

[0034] if (Mode, CSM[1:0]==0 {address DPU 
address} 

[0035] if (Mode, CSM[1:0]==1 {address=DPU+IN 
CREMENT [1210]} 

[0036] if (Mode, CSM[1:0]==2 {address=address+ 
INCREMENT [12;0]}} 
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[0037] if (Mode, CSM[1:0]==3 {address=0} 
[0038] if (Mode, CSM[1:0]==4 {address=BASE 

12:01} 
[0039] if (Mode, CSM[1:0]==5 {address=address} 
[0040] if (Mode, CSM[1:0]==6 {address=address} 

[0041] if (Mode, CSM[1:0]==7 {address=address+ 
INCREMENT [1210]} 

[0042] 
[0043] neW static con?guration bits (per address gen 

erator, that means each LSM Will have one for read 
and one for Write) as descripted in the following; 

[0044] Mode (1 bit) 

[0045] Increment [12:0](13 bits) 

[0046] Base [12:0](13 bits) 

[0047] Mask [12:2](11 bits) 

[0048] Match [3:0](4 bits)—there are Match [3:0] in 
CS2112 shared by both read and Write. For the neW 
design, read and Write Will have its oWn Match [3:0] 

[0049] Matchen [3:0]—there are Matchen [3:0] in 
CS2112 shared by both read and Write. For the neW 
design, read and Write Will have its oWn Matchen 

[3:0] 
[0050] 84 of con?guration bits are added per roW; 

[0051] [((1+13+13+11+4+4)><2)total bits-8 existing 
bits], that means 84><4=336 bits per tile. 

tWo neW CSM bits; 

[0052] The value from the register 160 is provided to the 
masking portion 170. In this implementation, the bits 1 and 
Zero of the constructed address are not masked and values go 
on line 172 to the memory. The mask register 174 is ANDed 
to the other bits With and unit 176. This AN Ded value is sent 
along line 178 to the memory. The match register 180 and 
exclusive OR 182 are used to produce an enable signal so 
that the memory can be enabled. For example, the address 
may not refer to the bits 9 to 12, Will indicate Whether the 
address refers to data in that speci?c memory. These bits are 
compared to ID bits in the register for the memory of the 
local system memory. If the bits don’t match, then the data 
is not read to or Written into the memory. The use of such 
matching bits is described in the parent application Ser. No. 
09/343,477 ?led Jun. 30, 1999, for LOCAL MEMORY 
UNIT SYSTEM WITH GLOBAL ACCESS FOR USE ON 
RECONFIGURABLE CHIPS, Which is incorporated herein 
by reference. Note that the mask register 174 and the 
addresses can be set so as to alWays set the enabled bit high. 

[0053] FIG. 6 illustrates an example of a recon?gurable 
functional unit of one embodiment of the present invention. 
This recon?gurable functional unit includes input multiplex 
ers 190 and 192, temporary registers 194 and 196, data 
registers 198 and 200, along With the multiplexer 202. The 
multiplexer 202 can select betWeen the register value 198 
and the input value from the multiplexer 190. This is 
provided as 1 input to the ALU 204. The other value to the 
ALU 204 provided by the multiplexer 206, Which can select 
from register B value from register 200 an input value from 
the multiplexer 192 through multiplexer 208 or a shifted 
version of the value from multiplexer 192 through multi 
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plexer 208. Alternately, a combined value through the logic 
210 can be used. The recon?gurable functional unit of FIG. 
6 can be thus implemented in multiple different Ways to 
implement different functions required in an algorithm. 

[0054] FIGS. 7A and 7B are diagrams ilustrating an 
alternate embodiment of the present invention. In this 
embodiment, as shoWn in FIG. 7A, there are tWo address 
generators in each LSM, one for local read and one for local 
Write operation. The address generators are not applicable to 
the external operation. The address generator takes inputs 
from either Recon?gurable Functional Unit (DPU) or the 
base address ?eld in the con?guration bits, or it could be 
initialiZed to Zero. There is an adder inside the address 
generator that, in conjunction With the increment ?eld in the 
con?guration bits, performs increment function on the 
address. A read mask and a Write mask in the address 
generator can be used to mask out any bits of the address 
except ADDR[1:0], Which are used to determine the byte/ 
Word position in non-32bit operation. One of the usages of 
the masks is to make the Local System Memory (LSM) into 
circular memory of a smaller siZe. There is also a hold mode 
in the address generator to freeZe the address no matter hoW 
the input address changes. A block level implementation of 
the address generator is shoWn in the folloWing ?gure. 

[0055] The modes of operation of the address generator 
are controlled by a static con?guration bit “Mode” and tWo 
dynamic bits CSM[1:0] as summariZed in the table of FIG. 
7B. TWo of the modes, hold and increment, are duplicated in 
both Mode=0 and Mode=1. Since Mode is a static con?gu 
ration bit that cannot be changed on a cycle basis, the hold 
and increment modes need to be available regardless of the 
value of the Mode bit to ensure that a design can sWitch 
betWeen this 2 modes by changing the dynamic Con?gura 
tion State Memory bits. 

[0056] FIG. 8 is a diagram of a recon?gurable functional 
unit that can be used With one embodiment of the present 
invention. 

[0057] It Will be appreciated by those of ordinary skill in 
the art that the invention can be implemented in other 
speci?c forms Without departing from the spirit or character 
thereof. The presently disclosed embodiments are therefore 
considered in all respects to be illustrative and not restric 
tive. The scope of the invention is illustrated by the 
appended claims rather than the foregoing description, and 
all changes that come Within the meaning and range of 
equivalents thereof are intended to be embraced herein. 

What is claimed is: 
1. A recon?gurable logic system, comprising 

a recon?gurable functional unit adapted to implement a 
number of functions; and 

an address-generating memory unit operably connected to 
the recon?gurable functional unit, the address-generat 
ing memory unit including a memory and at least one 
address generator adapted to construct an address for 
the memory. 

2. The recon?gurable logic system of claim 1 Wherein the 
address generator is able to construct a sequence of 
addresses for the memory. 

3. The method of claim 2 Wherein the address generator 
includes an incrementor. 
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4. The recon?gurable logic system of claim 3 Wherein the 
incrementor comprises an increment register and an adder. 

5. The recon?gurable logic system of claim 1 Wherein the 
address generator includes con?guration bits to control the 
con?guration of the address generating unit. 

6. The recon?gurable logic of claim 1 Wherein the address 
generator includes a mask value to produce a masked 
address value. 

7. The recon?gurable logic system of claim 1 Wherein the 
addresses provided by the address generator can include an 
incremented value. 

8. The recon?gurable logic system of claim 1 Wherein the 
address generator such that the address provided by the 
address generator can be fed back the address value. 

9. The recon?gurable logic system of claim 1 Wherein the 
address is provided by the address generator can be a cycling 
address sequence. 

10. The recon?gurable logic system of claim 1 Wherein 
the address is provided by the address generator includes a 
base register value. 

11. The recon?gurable logic system of claim 1 Wherein 
the address generator includes a multiplexer to select mul 
tiple different generated addresses. 

12. A recon?gurable logic system, comprising 

a recon?gurable functional unit adapted to implement a 
number of functions and 
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an address-generating memory unit operably connected to 
the recon?gurable functional unit, the address-generat 
ing memory unit including a memory and at least one 
address generator adapted to construct an address for 
the memory, the address generator able to construct a 
sequence of addresses for the memory using an incre 
mentor. 

13. The recon?gurable logic system of claim 12 Wherein 
the incrementor includes an adder. 

14. The recon?gurable logic system of claim 13 Wherein 
the incrementor includes a register to store an increment 
value. 

15. The recon?gurable logic system of claim 12 Wherein 
the address generator includes a masking portion. 

16. The recon?gurable logic system of claim 12 Wherein 
the address generator can provide a cycling sequence of 
addresses. 

17. The recon?gurable logic system of claim 12 Wherein 
the address generator includes a multiplexer to aid in select 
ing the address output. 

18. The recon?gurable logic system of claim 12 Wherein 
the address generator has different modes. 

19. The recon?gurable logic system of claim 12 Wherein 
the address generator has bits that alloW the selection of 
different types of address output. 

* * * * * 


