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performing read/Write operations on data in an external 
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DATA PROCESSOR AND DATA PROCESSING 
SYSTEM WITH INTERNAL MEMORIES 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a data processor 
With an internal (built-in) memory operable to perform 
speci?ed data processing operations, such as analytical 
operations and numerical arithmetic operations, While read 
ing/Writing data (including programs such as instructions) 
from/into the internal memory. 

[0002] A so-called memory-incorporated data processor, 
in Which a processing unit and an internal memory (a 
DRAM (dynamic random access memory) in particular) are 
formed on a single chip, has recently been developed. In 
such an arrangement, data can be transferred at a consider 
ably high bit rate, because the processing unit and the 
internal memory can be connected together via a short data 
bus having a broad bit Width. Accordingly, high-speed data 
processing can be performed While making full use of the 
performance of the processing unit. 

[0003] For example, When such a data processor is applied 
to a video controller, the internal memory may be used as a 
frame buffer for video. The video data stored in the frame 
buffer can be processed at high speed in the processing unit 
and then supplied through a D/A (digital-to-analog) con 
verter to an external monitor. This makes it possible to 
provide smooth video images. 

[0004] In some applications of the data processor, hoW 
ever, required storage capacity cannot be obtained by the 
internal memory alone. For instance, if the number of colors 
or the siZe of a monitor is increased in image processing 
applications, then the internal memory alone cannot provide 
sufficient storage capacity for constructing a frame buffer. As 
an imaginable solution, an internal memory having a rela 
tively great storage capacity may be mounted beforehand in 
order to cope With various cases. HoWever, such a solution 
is not cost-effective. Thus, in such a case, an external 
memory is optionally added, thereby obtaining a desired 
storage capacity by using the internal and external memories 
in combination. 

[0005] HoWever, if such an external memory is added, 
then a memory system is made up of the internal and the 
external memories. Thus, the overall performance of the 
memory system is determined by the access rate of the 
external memory after all. Although the internal memory is 
provided, it is hard to improve the overall performance, 
resulting in several problems. For example, in image pro 
cessing applications, video image rendering rate becomes 
adversely loW and motions of the image become undesirably 
aWkWard. 

SUMMARY OF THE INVENTION 

[0006] The objective of the present invention is providing 
a data processor, incorporating an internal memory alloWing 
for the improvement of overall memory system perfor 
mance, for a memory system made up of an internal memory 
and an external memory having an operating speed loWer 
than that of the internal memory. 

[0007] In order to solve the above-described problem of 
the prior art techniques, the present invention provides an 
improved data processor. In the data processor of the present 
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invention, a memory control unit for performing read/Write 
operations on an external memory and a buffer part for 
storing data from an internal memory or from the external 
memory are controllably coupled to a processing unit, 
thereby carrying out data exchange betWeen the internal 
memory and the external memory by temporarily storing, in 
the buffer part, data from the internal memory or from the 
external memory. 

[0008] In the data processor of the present invention, 
either data obtained from the external memory through the 
memory control unit or data obtained from the internal 
memory is temporarily stored in the buffer part, and physical 
data exchange can be carried out betWeen the internal 
memory and the external memory. Thus, it is possible to 
store data requiring fast processing in the internal memory 
and data not requiring so fast processing in the external 
memory, respectively. As a result, the overall memory 
system performance can be improved When degrees of 
necessity of high speed processing are variable among 
access areas (memory regions) of a memory system. In 
general, in the case of transferring data betWeen an external 
memory (main memory) and an internal memory (cache 
memory), data in the internal memory is copied to the 
external memory Without applying any modi?cation thereto. 
Also, even in the case of sWapping data betWeen an internal 
memory (main memory) and an external memory (a mag 
netic disk device) in a virtual memory system, data in the 
internal memory is also copied to the external memory 
Without applying any modi?cation thereto. In other Words, 
in both of these cases, a region corresponding to the internal 
memory alWays exists in the external memory. HoWever, in 
the data processor of the present invention, no such regions 
corresponding to the internal memory exist in the external 
memory. Therefore, a sum of the storage capacity of the 
external memory and that of the internal memory can be 
used as a memory space Without Wasting any memory 
region. 

[0009] The present invention is also characteriZed in that 
the processing unit includes an address management part for 
controlling addresses of said internal and external memories. 
When data exchange is performed betWeen said internal 
memory and the external memory, address allocations cor 
responding to the data exchange are exchanged by the 
address management part. Thus, even if data has been 
exchanged betWeen arbitrary physical addresses, the logical 
addresses remain unchanged in spite of such data exchange. 
Therefore, it is not necessary to reform a logical memory 
map of the memory system. 

[0010] In one embodiment of the present invention, the 
memory control unit may be provided With an additional 
function of performing data conversion in parallel or in 
series betWeen the internal memory and the external 
memory. And the processing unit and the memory control 
unit may be coupled together via a data bus having the same 
Width as a Width of a data bus betWeen the internal memory 
and the processing unit. In such arrangement, the processing 
unit need not convert data, provided from the internal 
memory through a data bus having a Width and coupling the 
processing unit to the internal memory, into data correspond 
ing to a Width of a data bus betWeen the processing unit and 
the memory control unit, in order to output the data to the 
memory control unit. As a result, the load of the processing 
unit can be lightened, and a data bus having the same Width 



US 2001/0011326 A1 

can be used in common between the processing unit and the 
internal memory and betWeen the processing unit and the 
memory control unit. 

[0011] In another embodiment of the present invention, 
the memory control unit or the processing unit may be 
provided With a comparator for comparing a data item from 
the internal memory With another data item from the exter 
nal memory. If the comparator indicates that these data items 
are different from each other, the data items may be Written 
into the internal memory or into the external memory, 
thereby exchanging the data items betWeen the internal 
memory and the external memory. In such an arrangement, 
if the comparator indicates that these items are the same, a 
Write cycle need not be activated With respect to the internal 
and external memories. Thus, the processing load and time 
required for performing data exchange can be reduced. 

[0012] In still another embodiment, the memory control 
unit or the processing unit may be provided With an arith 
metic part for performing data arithmetic operations on the 
data from the internal and external memories. For example, 
if the data processor of the invention is applied to an MPEG 
(moving picture experts group) encoder and I/B/P pictures 
stored in the internal memory and in the external memory 
are different from each other, it is possible to perform 
inter-picture data arithmetic operations When data is 
exchanged betWeen the internal memory and the external 
memory. As a result, it is possible to store post-arithmetic 
picture data in at least one of the memories during the data 
exchange. 

[0013] In still another embodiment, the data exchange 
may be carried out With respect to a memory region having 
a speci?ed storage capacity. And data exchanges may be 
carried out betWeen the internal memory and the external 
memory in order that memory regions frequently accessed 
by the processing unit and memory regions infrequently 
accessed by the processing unit are located in the internal 
memory and in the external memory, respectively. In such 
arrangement, if some memory regions of a memory system 
are locally accessed more frequently than other regions 
during a speci?ed period of time, then the memory regions 
frequently accessed can be located in the internal memory at 
an arbitrary point in time. As a result, the overall memory 
system performance can be improved. 

[0014] In still another embodiment, the processing unit or 
the memory control unit may be provided With tag memo 
ries. Each of the tag memories stores a value indicating hoW 
may times each memory region of the internal memory or 
the external memory is accessed. Data exchange may be 
carried out betWeen each memory region of the internal 
memory and an associated memory region of the external 
memory by making reference to a corresponding value 
stored in the tag memory. In such an arrangement, if 
counting up is carried out in each of the tag memories 
provided for the respective memory regions every time each 
memory region is accessed, then it is easy to knoW as a 
Whole hoW many times each memory region has been 
accessed. Accordingly, data exchange can be carried out 
With higher precision on the basis of a memory region. 

[0015] In still another embodiment, each of tag memories 
may include: a tag comparator part for receiving a memory 
address from the processing unit to decide Which memory 
region is an object of access; and a memory count part for 
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receiving a trigger signal from the tag comparator part to 
perform count-up operations. In such an arrangement, if a 
memory address from the processing unit is provided to the 
tag comparator part, then count-up operations are automati 
cally performed in the memory count part. Accordingly, the 
processing unit or the memory control unit need not examine 
memory addresses one by one to decide Which memory 
region is to be accessed and store a value indicating hoW 
many times the memory region has been accessed. As a 
result, the processing load of the processing unit or memory 
control unit can be lightened. 

[0016] In still another embodiment, the processing unit or 
the memory control unit may be provided With a buffer 
memory having a storage capacity greater than that of the 
memory region. Data exchange may be carried out betWeen 
the internal memory and the external memory by tempo 
rarily Writing data into the buffer memory. In such an 
arrangement, data can be exchanged betWeen memory 
regions by: continuously reading out data from a memory 
region in one of the internal and external memories and 
storing the data in the buffer memory; (ii) continuously 
Writing data, stored in a memory region of the other memory, 
into the memory region, from Which the data has been read 
out in (i); and (iii) continuously Writing the data stored in the 
buffer memory into the memory region of the other memory. 
As a result, data can be exchanged quickly. 

[0017] In still another embodiment, a plurality of such 
buffer memories may be provided. In such an arrangement, 
it is possible to store data from the internal memory and data 
from the external memory in the respective buffer memories 
by simultaneously accessing the internal and external 
memories. As a result, a time required for data exchange can 
be reduced. 

[0018] In still another embodiment, data may be 
exchanged betWeen the internal memory and the external 
memory by using a blank memory region in the external 
memory. In such an arrangement, data to be exchanged is 
temporarily Written into the existing external memory. As 
compared With the cases of using a buffer memory, data is 
exchanged at a loWer speed. HoWever, the costs can be 
reduced even When a buffer memory is separately provided. 

[0019] In still another embodiment, the processing unit or 
the memory control unit may be provided With identi?cation 
bits for blank memory regions corresponding to respective 
memory regions of the external memory. In such an arrange 
ment, the processing unit or the memory control unit can 
knoW blank memory regions of the external memory by 
referring to the code of the identi?cation bits. 

[0020] In still another embodiment, the memory control 
unit may have a plurality of access ports for accessing a 
plurality of external memories. And data exchange may be 
carried out betWeen the external memories respectively 
coupled to the access ports and said internal memory. In 
such an arrangement, the overall memory system perfor 
mance can be improved by mapping data requiring high 
speed processing or speci?c data frequently accessed into 
the internal memory in memory systems of a larger siZe. 

[0021] In still another embodiment, the data exchange is 
preferably carried out When data, Which has been received 
from the internal memory or from the external memory as an 
object of data exchange, is being output to an external unit. 
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In such an arrangement, While the data received from one of 
the internal and external memories is being output, the other 
memory may be usually accessed at any arbitrary addresses. 

Thus for example, a sequence may be performed in Which data to be exchanged is read from one of the memories, 

temporarily stored in the buffer part and then output to an 
external unit, (ii) data to be exchanged in the other memory 
is simultaneously Written into the one memory, and then (iii) 
the data stored in the buffer part is Written into the other 
memory. This considerably reduces overhead involved by 
data exchange, thereby enhancing the effects of the present 
invention. 

[0022] The present invention provides a data processing 
system, in Which a plurality of data processors having the 
above-described con?guration are coupled together through 
the memory control units thereof and data exchange is 
carried out betWeen internal memories of the data proces 
sors. In the data processing system of the present invention, 
data can be exchanged betWeen the internal memories in 
order that data required by the processing units of the data 
processors are mapped to the internal memories associated 
With the processing units. As a result, the overall data 
processing performance is improved. 

[0023] The present invention also provides a data process 
ing system. In the data processing system, memory control 
units of a plurality of data processors having the above 
described con?guration are provided With a plurality of 
access ports for accessing an external unit. The data pro 
cessors are coupled together through the access ports 
thereof, and data is exchanged betWeen internal memories of 
the data processors. In this data processing system, since the 
data processors are coupled together via a plurality of data 
buses, it is possible to simultaneously read/Write data 
betWeen data processors, in Which data should be exchanged 
through these data buses. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a block diagram shoWing a data processor 
in the ?rst embodiment of the present invention. 

[0025] FIG. 2 is a block diagram shoWing a modi?ed 
internal structure of a memory control unit of FIG. 1. 

[0026] FIG. 3 is a block diagram shoWing a memory 
address manager in a processing unit. 

[0027] FIG. 4 is a block diagram shoWing an exemplary 
internal structure of the processing unit of FIG. 2. 

[0028] FIG. 5 is a block diagram shoWing another exem 
plary internal structure of the processing unit of FIG. 2. 

[0029] FIG. 6 is a block diagram shoWing a data processor 
in the second embodiment of the present invention. 

[0030] FIG. 7 is a block diagram shoWing a data processor 
in the third embodiment of the present invention. 

[0031] FIG. 8 is a block diagram of a tag memory. 

[0032] FIG. 9 is a block diagram shoWing a data processor 
including a buffer memory in the fourth embodiment of the 
present invention. 

[0033] FIG. 10 is a block diagram shoWing a data pro 
cessor additionally including another buffer memory. 
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[0034] FIG. 11 is a block diagram shoWing a data pro 
cessor in the ?fth embodiment of the present invention. 

[0035] FIG. 12 is a block diagram shoWing identi?cation 
bits. 

[0036] FIG. 13 a block diagram shoWing a data processor 
in the sixth embodiment of the present invention. 

[0037] FIG. 14 is a block diagram of a ?rst data process 
ing system of the present invention. 

[0038] FIG. 15 is a block diagram of a second data 
processing system of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] Hereinafter, embodiments of the data processors of 
the present invention Will be described With reference to the 
accompanying draWings. 

EMBODIMENT 1 

[0040] FIG. 1 shoWs a data processor 1. The data proces 
sor 1 includes an internal memory 2 and a processing unit 3 
on a single chip. The processing unit 3 carries out speci?ed 
data processing operations While performing read/Write 
operations on data in the internal memory 2. The internal 
memory 2 is a DRAM having a capacity on the order of 
megabytes. The processing unit 3 is provided With an I/O 
port coupled to a system bus. Based on the results of 
processing operations such as analytical and arithmetic 
operations performed on data and instructions in the internal 
memory 2, the processing unit 3 controls peripheral devices 
(not shoWn) through the system bus. The processing unit 3 
has an access port for accessing an external memory 4. The 
processing unit 3 is coupled, through the access port, to a 
memory control unit 5 for performing data read/Write opera 
tions on the external memory 4. The access to the external 
memory 4 by the memory control unit 5 is controlled by the 
processing unit 3. The processing unit 3 regards the internal 
and external memories 2 and 4 as a memory system. 

[0041] The data processor 1 functions as a so-called CPU 
(central processing unit) and operates as folloWs. Address 
regions allocated to the internal and external memories 2 and 
4 are supposed to be determined in a memory map on the 
system. Program data to be loaded to the internal and 
external memories 2 and 4 are speci?ed such that instruc 
tions and data, Which require many execution cycles and are 
frequently accessed, may be mapped to the internal memory 
2. In a set of instructions executable by the processing unit 
3, an instruction to exchange data betWeen the internal and 
external memories 2 and 4 is prepared. When the processing 
unit 3 receives the exchange instruction and associated 
address region designations of the internal and external 
memories 2 and 4 and then executes the exchange instruc 
tion, data in the designated address regions are exchanged 
betWeen the internal and external memories 2 and 4. Thus, 
if a programmer appropriately uses such an exchange 
instruction for programs and timely maps instructions and 
data, Which require many execution cycles and are fre 
quently accessed, to the internal memory 2, data analytical 
and arithmetic operations can be performed at a high speed. 
As a result, the overall program execution rate (perfor 
mance) can be improved. 
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[0042] Data exchange is carried out in the following 
sequence. First, When the processing unit 3 receives an 
exchange instruction, the memory control unit 5 is activated. 
Apart of the data, Which is stored in a memory region of the 
external memory 4 and has been speci?ed by the exchange 
instruction, is stored in a buffer register 6 of the memory 
control unit 5 in the form of 32-bit data. Next, the memory 
control unit 5 obtains a part of the data stored in a speci?ed 
memory region of the internal memory 2 and then direct 
Writes the data into the read memory region of the external 
memory 4. Although at this time the data output from the 
internal memory 2 is composed of 128 bits, only required 
data of 32 bits is output by the processing unit 3 to the 
memory control unit 5. The 32-bit data stored in the register 
6 is Written into the read memory region of the internal 
memory 2 and then data is partially exchanged. At this time, 
Writing into the internal memory 2 from the processing unit 
3 is performed With 32 bits only, and Write masking is 
applied to the remaining 96 data bits. A series of such basic 
operations are repeatedly performed over all the designated 
memory regions, thereby exchanging data of the designated 
memory regions betWeen the internal and external memories 
2 and 4. 

[0043] Data exchange operations have been described 
While assuming that the register 6 has a storage capacity 
smaller than that of a designated memory region. If data is 
exchanged betWeen memory regions having a storage capac 
ity smaller than that of the register 6, then the data exchange 
is completed by performing a single series of basic opera 
tions. 

[0044] FIG. 2 shoWs a modi?ed internal structure of the 
memory control unit 5 of FIG. 1, i.e., a memory control unit 
5‘. The memory control unit 5‘ includes: a buffer register 6‘ 
of 128 bits; and a PS/SP (parallel-to-serial/serial-to-parallel) 
converter circuit PS disposed betWeen the register 6‘ and the 
32-bit data bus of the external memory 4. Similar to the data 
bus provided betWeen the internal memory 2 and the pro 
cessing unit 3, a 128-bit data bus is provided betWeen the 
memory control unit 5‘ and the processing unit 3. In the case 
of transferring data from the internal memory 2 to the 
external memory 4, data of 128 bits is stored in the register 
6‘ through this data bus. This 128-bit data in the register 6‘ 
is divided, on the time axis, by the PS/SP converter circuit 
PS into 32-bit sub-data items in four cycles and then output 
to the data bus coupled to the external memory 4. On the 
other hand, in the case of transferring data from the external 
memory 4 to the internal memory 2, the PS/SP converter 
circuit PS sequentially Writes the 32-bit sub-data items from 
the external memory 4 into the register 6‘ for each of the four 
cycles. And When data of 128 bits is accumulated in the 
register 6‘, the register 6‘ outputs all of them to the process 
ing unit 3 at a time. 

[0045] As described above, the memory control unit 5‘ is 
provided With the PS/SP converter circuit PS in this modi 
?cation. Thus, in such an arrangement, the Width of the data 
bus betWeen the processing unit 3 and the memory control 
unit 5‘ may be equal to the Width of the data bus betWeen the 
processing unit 3 and the internal memory 2. Accordingly, 
the processing unit 3 need not carry out alignment opera 
tions, e.g., Write masking, due to a difference in data bus 
Widths. As a result, the data processing ef?ciency of the 
processing unit 3 can be increased. In addition, since a data 
bus having an equal Width can be used in common betWeen 
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the processing unit 3 and the internal memory 2 and betWeen 
the processing unit 3 and the memory control unit 5‘, the 
layout area can be reduced, thereby reducing the production 
cost. 

[0046] In the data processor of the present invention, data 
exchange is carried out betWeen the internal and external 
memories 2 and 4. HoWever, once data has been exchanged, 
address allocations of the memories should also be 
exchanged. FIG. 3 shoWs an example of such address 
allocation exchange. FIG. 3 shoWs a memory address man 
ager MM provided for the processing unit 3. This manager 
MM has the ability of exchanging addresses With respect to 
a memory region on one megabyte basis in a 32-megabyte 
(25-bit) memory space including 16 megabytes of the inter 
nal memory 2 and 16 megabytes of the external memory 4. 
First, When a system address of 25 bits is received from, for 
example, a CPU, the memory address manager MM divides 
the received system address into loW-order 20 bits indicative 
of a memory address in a 1-megabyte memory region and 
high-order 5 bits indicative of any one of the 32 memory 
regions of the internal and external memories 2 and 4. The 
loW-order 20-bit address is provided as it is to the internal 
memory 2 and the external memory 4. The high-order S-bit 
address is any one of 00000 to 11111 in binary notation. 
Thirty-tWo compare units CU, Which are disposed corre 
spondingly to the memory regions #1-#16 of the internal 
memory 2 and the memory regions #1-#16 of the external 
memory 4, determine Which of the 32 memory regions Was 
accessed With the aid of address registers and comparators. 
Then, the compare units CU provide a high-order 4-bit 
address corresponding to the accessed region from a corre 
sponding address ROM (read only memory) through a 
corresponding 3-state buffer to the internal memory 2 or to 
the external memory 4. Each address register shoWs a 
respective memory region number (corresponding to a 5-bit 
address). On the other hand, each address ROM represents 
a respective ?xed address of four bits inherent to a respective 
memory region. An address of 24 bits is given for each 
memory 2 and 4 and each memory space of 16 megabytes 
is accessed. 

[0047] Herein, suppose that a data exchange Was carried 
out betWeen the internal memory region #2 and the external 
memory region #16 in FIG. 3. Then, the values of address 
registers of the compare units CU of these memory regions 
are reWritten. That is to say, the values of the address 
registers of the memory regions are exchanged. 

[0048] In the data processor of the present invention, 
memory allocations are also exchanged during the data 
exchange. Stated another Way, it is probable that a storage 
region Where data corresponding to a certain address is 
stored changes physically, because of the data exchange 
betWeen the internal and external memories 2 and 4. Thus, 
it is possible to form a memory space Without causing data 
overlapping betWeen the internal and external memories 2 
and 4. 

[0049] FIG. 4 shoWs an example of the internal structure 
of the processing unit of FIG. 2. A processing unit 3‘ 
includes a comparator C for comparing data provided from 
the internal memory 2 With data provided from the external 
memory 4 bit by bit. If the data read out from the internal 
memory 2 and the data read out from the external memory 
4 are different from each other, then the comparator C 










