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DMA TRANSFER CONTROL DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a Continuation of U.S. 
application Ser. No. 12/789,741, filed May 28, 2010, which 
claims priority based on Japanese patent application No. 
2009-134126, filed on Jun. 3, 2009. The entire disclosures of 
the prior applications are hereby incorporated by reference. 

TECHNICAL FIELD 

0002 The present invention relates to a DMA transfer 
control device, and particularly to a DMA transfer control 
device that dynamically controls DMA transfer. 

BACKGROUND 

0003. In a computer system, DMA (Direct Memory 
Access) is generally used in order to transfer data without 
loading the CPU. Data transfer by DMA is controlled by a 
DMA transfer control device and performed between 
memory and an input/output device. When there is a plurality 
of input/output devices and each of the input/output device 
requests data transfer, a plurality of DMA transfer control 
devices is provided. These data transfer paths are called 
“DMA channels. 
0004. When there is a plurality of DMA channels, an 
arbiter arbitrates between the data transfer requests in order to 
utilize a system bus to which the memory and the plurality of 
input/output devices are connected in common. The round 
robin method and fixed priority method are used for this 
arbitration (for instance, refer to Patent Document 1). 
0005. However, these arbitration methods are not suitable 
when one wants to dynamically control the data transfer rate. 
Meanwhile, there is a method that improves the efficiency of 
the DMA transfers by measuring the DMA transfer rate and 
dynamically controlling DMA transfers based on the DMA 
transfer rate (refer to Patent Document 2). 
0006 Patent Document 1 
0007 Japanese Patent No.JP3202272B 
0008 Patent Document 2 
0009 Japanese Patent Kokai Publication No. JP2005 
4563A 

SUMMARY 

0010. The following analysis is given by the present inven 
tion. 
0011. In a conventional DMA transfer control device 
described in Patent Document 2, a DMA transfer rate 
obtained by dividing the DMA transfer data amount by the 
DMA transfer time is used, the DMA transfer of a DMA 
controller having a DMA transfer rate slower than a prede 
termined value is given the priority, and the DMA transfers of 
other DMA controllers are restrained. In this method, the 
DMA transfer rates are averaged in the calculation. In other 
words, when a large amount of DMA transfers is performed, 
the transfer rates are averaged even if there are discrepancies 
therein. This makes it difficult to dynamically control the 
DMA transfer when the transfer amount temporarily 
increases, and as a result, the efficiency of the data transfer 
decreases. Thus there is much to be desired in the art. 
0012. According to an aspect of the present invention there 

is provided a DMA transfer control device comprising: a 
DMA arbiter that performs DMA transfer for each DMA 
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channel constituted by a combination of a memory and a 
plurality of input/output devices, and a DMA controller cir 
cuit that controls the DMA arbiter, and comprises a judgment 
unit that sends a DMA transfer permission to the DMA arbiter 
in a case where a judgment time at which the DMA transfer 
requestarrives from the input/output device is not earlier than 
a DMA transfer scheduled time, and a transfer time calcula 
tion unit that calculates a next round of the DMA transfer 
scheduled time based on a DMA transfer size for the DMA 
transfer request and the judgment time. 
0013 The meritorious effects of the present invention are 
Summarized as follows. 
0014. According to the present invention, the efficiency of 
data transfer can be improved by dynamically controlling 
DMA transfer so that a predetermined DMA transfer rate is 
not exceeded even when the number of DMA transfer 
requests temporarily increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a block diagram showing the configuration 
of a computer system relating to a first example of the present 
invention. 
0016 FIG. 2 is a drawing showing the configuration of a 
DMA controller circuit relating to the first example of the 
present invention. 
0017 FIG. 3 is a flowchart showing the operation of a 
DMA transfer control device relating to the first example of 
the present invention. 
0018 FIG. 4 is a timing chart showing the operation of the 
DMA transfer control device relating to the first example of 
the present invention. 

PREFERRED MODES 

0019 ADMA transfer control device relating to a mode of 
the present invention comprises a DMA arbiter (23 in FIG. 1) 
that performs DMA transfer for each DMA channel consti 
tuted by a combination of a memory (20 in FIG. 1) and a 
plurality of input/output devices (31 to 33 in FIG. 1), and 
DMA controller circuits (corresponding to 27 to 29 in FIG. 1) 
that control the DMA arbiter. The DMA transfer control 
device also comprises a judgment unit (11 in FIG. 2) that 
sends a DMA transfer permission to the DMA arbiter when 
the judgment time, i.e. the time at which the DMA transfer 
requestarrives from an input/output device, is not earlier than 
the DMA transfer scheduled time, and a transfer time calcu 
lation unit (12 in FIG. 2) that calculates a next DMA transfer 
scheduled time based on the DMA transfer size for the DMA 
transfer request and the judgment time. 
0020. The device may be configured so that a timer 
counter (13 in FIG. 2) that counts the judgment time at a unit 
time interval and a comparator (10 in FIG. 2) that compares 
the judgment time at which a DMA transfer request arrives 
with the DMA transfer scheduled time are provided, the judg 
ment unit sends the DMA transfer permission to the DMA 
arbiter when an output of the comparator indicates that the 
judgment time is not earlier than the DMA transfer scheduled 
time, and the judgment unit does not send the DMA transfer 
permission to the DMA arbiter when the output of the com 
parator indicates that the judgment time is earlier than the 
DMA transfer scheduled time. 
0021. The transfer time calculation unit may comprise 
calculation units (corresponding to 16 and 17 in FIG. 2) that 
multiply a set value of the DMA transfer size for a DMA 
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transfer request by a set value of a DMA transfer interval for 
unit DMA transfer size and add the judgment time to the 
result, and a register (19 in FIG. 2) that holds the result of the 
calculation performed by the calculation units as a next DMA 
transfer scheduled time. 
0022. The DMA transfer control device described above 
suspends DMA transfer even when there is a DMA transfer 
request until the DMA transfer scheduled time corresponding 
to a peak DMA transfer rate. Therefore, the efficiency of the 
data transfer of a plurality of DMA channels can be increased 
as a whole by dynamically controlling the DMA transfer such 
that the peak DMA transfer rate is not exceeded in each DMA 
channel. 
0023 The present invention will be described in detail 
using an example with reference to the drawings. 

EXAMPLE1 

0024 FIG. 1 is a block diagram showing the configuration 
of a computer system relating to a first example of the present 
invention. In FIG. 1, the computer system comprises a 
memory 20, a memory controller circuit 21, a CPU 22, the 
DMA arbiter 23, the input/output devices 31 to 33, and the 
DMA controller circuits 27 to 29. The memory 20, the 
memory controller circuit 21, the CPU 22, and the DMA 
arbiter 23 are connected to each other via a system bus 30 
constituted by an address bus, a data bus, and a controlline. In 
this example, there are three DMA channels. 
0025. The DMA controller circuits 27 to 29 respectively 
receive DMA transfer request signals Sr from the input/out 
put devices 31 to 33, respectively return DMA transfer per 
mission signals Sp to the input/output devices 31 to 33 as 
DMA transfer responses, and respectively output the DMA 
transfer permission signals Sp to the DMA arbiter 23 as the 
DMA transfer judgment results. 
0026. When there is a plurality of DMA transfer permis 
sions in the DMA transfer judgment results received from the 
DMA controller circuits 27 to 29, the DMA arbiter 23 selects 
one from them and performs DMA transfer between the 
memory and the input/output device corresponding to a 
selected DMA channel. 
0027 FIG. 2 is a drawing showing the configuration of the 
DMA controller circuit relating to the first example of the 
present invention. The DMA transfer controller circuits 27 to 
29 comprise a comparator 10, a judgment unit 11, a transfer 
time calculation unit 12 that calculates the DMA transfer 
scheduled time TAT, and a timer counter 13 that counts the 
judgment time ta. The comparator 10 compares the judgment 
time ta at which the DMA transfer request signal Sr is 
received and the DMA transfer scheduled time TAT. Accord 
ing to the comparison result of the comparator 10, the judg 
ment unit 11 sends the DMA transfer permission signal Sp to 
the DMA arbiter 23 and one of the input/output devices 31 to 
33 (the issuer of the DMA transfer request signal Sr). The 
transfer time calculation unit 12 calculates the next DMA 
transfer scheduled time TAT and stores it. The timer counter 
13 counts the judgment time ta at a unit time interval. 
0028. The transfer time calculation unit 12 comprises reg 
isters 14, 15, and 19, a multiplier 16, an adder 17, and a 
selector 18. The register 14 stores a set value T of the DMA 
transfer interval per unit DMA transfer size, i.e., the recipro 
cal of the peak DMA transfer rate. The register 15 stores a set 
value “size” of the DMA transfer size. The multiplier 16 
calculates the peak DMA transfer interval (T-size) by multi 
plying values extracted from the registers 14 and 15. The 
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adder 17 calculates the next DMA transfer scheduled time 
(TAT=ta+T-size) by adding the judgment time ta from the 
timer counter 13 and the output of the multiplier 16. The 
selector 18 selects the next DMA transfer scheduled time TAT 
outputted from the adder 17 when the judgment unit 11 out 
puts the DMA transfer permission, and selects the original 
DMA transfer scheduled time TAT held by the register 19 and 
outputs it to the register 19 when the judgment unit 11 does 
not output the DMA transfer permission. The register 19 
holds the result of the selector 18. 
0029. In the transfer time calculation unit 12, the setting of 
the DMA transfer size (size) is updated by, for instance, the 
CPU 22 at each DMA transfer. Further, the DMA transfer 
interval (T) may be fixed for each DMA channel, and when 
one wants to change the DMA transfer rate ratio between the 
DMA channels, the CPU 22 may be used to dynamically 
control it. 
0030. Next, the operation of the DMA transfer control 
device will be described. FIG. 3 is a flowchart showing the 
operation of the DMA transfer control device relating to the 
first example of the present invention. The operation of the 
circuit that issues the DMA transfer permission based on the 
peak DMA transfer rate within the DMA controller circuits 
27 to 29 shown in FIG. 2 will be described. 

0031 When a DMA transfer request is received (YES in 
step S11), the following judgment is made using the DMA 
transfer scheduled time TAT, the DMA transfer interval for 
unit DMA transfer size T, and the DMA transfer size "size” 
read respectively from the registers 19, 14, and 15, and the 
judgment time ta read from the timer counter 13. 
0032. When TAT ta(YES in step S12), it is determined that 
the peak DMA transfer rate is not exceeded, and DMA trans 
fer is permitted (OK) (step S15). Then TAT-ta+T-size is set as 
the next DMA transfer scheduled time TAT (step S16). 
0033. When TAT-ta (NO in the step S12), it is determined 
that the peak DMA transfer rate is exceeded, and DMA trans 
fer is not permitted (wait) (step S13). At this time, the DMA 
transfer scheduled time TAT is not updated. 
0034) Further, DMA transfer is also not permitted (step 
S14) and the DMA transfer scheduled time TAT is not 
updated when no DMA transfer request is received (NO in the 
step S11). 
0035. In any case, the timer counter 13 is updated so that 
the judgment time ta becomes ta-ta--1 (step S17). 
0036. The DMA transfer control device dynamically con 
trols DMA transfer by sending “DMA Transfer Permitted 
(OK) or “Not Permitted (wait or no DMA transfer request) 
to the DMA arbiter 23 according to what is determined. 
0037 FIG. 4 is a timing chart showing the operation of the 
DMA transfer control device relating to the first example of 
the present invention. 
0038 First, we will assume that TAT=0, ta=0, T=2, and 
size=1 when a DMA transfer request signal Sr (a) is received. 
Here, since TAT (0) sta(0) holds, DMA transfer is permitted 
(OK), and the next DMA transfer scheduled time TAT is 
updated to TAT=0+2x1=2. 
0039. When a DMA transfer request signal Sr. (b) is 
received, the following holds: TAT-2, ta=4, T-2, and size=2. 
Since TAT (2) sta(4) holds, DMA transfer is permitted (OK), 
and the next DMA transfer scheduled time TAT is updated to 
TAT=4+2x2=8. 

0040. When a DMA transfer request signal Sr. (c) is 
received, the following holds: TAT=8, ta=7, T-2, and size=2. 
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Since TAT (8) >ta (7) holds, DMA transfer is suspended 
(wait). Here, the DMA transfer scheduled time is not updated. 
0041 At the next time point, the DMA transfer request 
signal Sr. (c) is similarly re-examined. At this time, TAT=8, 
ta=8, T-2, and size=2. Since TAT (8) ta (8) holds, DMA 
transfer is permitted (OK), and the next DMA transfer sched 
uled time TAT is updated to TAT=8+2x2=12. 
0042. In the DMA transfer control device that operates as 
described above, DMA transfer is suspended (wait) until the 
DMA transfer scheduled time corresponding to the peak 
DMA transfer rate even if there is a DMA transfer request. As 
a result, DMA transfer can be dynamically controlled so that 
a predetermined DMA transfer rate is not exceeded even 
when the number of DMA transfer requests temporarily 
increases. 
0043. The each disclosure of the above-mentioned Patent 
Documents is incorporated herein by reference thereto. It 
should be noted that other objects, features and aspects of the 
present invention will become apparent in the entire disclo 
Sure and that modifications may be done without departing 
the gist and scope of the present invention as disclosed herein 
and claimed as appended herewith. 
0044 Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items may 
fall under the modifications aforementioned. 

What is claimed is: 
1. A Direct Memory Access (DMA) transfer control 

device, comprising: 
a DMA arbiter that performs DMA transfer for each DMA 

channel formed by a combination of a memory and a 
plurality of input/output devices; and 

a DMA controller circuit that controls the DMA arbiter; 
a judgment unit that sends a DMA transfer permission to 

said DMA arbiter in a case where a judgment time at 

Nov. 15, 2012 

which a DMA transfer request arrives from said input/ 
output device is not earlier than a DMA transfer sched 
uled time and rejects another DMA transfer request from 
said input/output device when the another DMA transfer 
request arrives earlier than the DMA transfer scheduled 
time; and 

a transfer time calculation unit that calculates a next round 
of said DMA transfer scheduled time based on a DMA 
transfer size for said DMA transfer request and said 
judgment time. 

2. The DMA transfer control device as defined in claim 1, 
further comprising: 

a timer counter that times said judgment time at a unit time 
interval; and 

a comparator that compares said judgment time at which 
said DMA transfer request arrives with said DMA trans 
fer scheduled time; wherein 

said judgment unit sends the DMA transfer permission to 
said DMA arbiter when an output of said comparator 
indicates that said judgment time is not earlier than said 
DMA transfer scheduled time and does not send the 
DMA transfer permission to said DMA arbiter when the 
output of said comparator indicates that said judgment 
time is earlier than said DMA transfer scheduled time. 

3. The DMA transfer control device as defined in claim 1, 
wherein said transfer time calculation unit comprises a cal 
culation unit that multiplies a set value of a DMA transfer size 
for said DMA transfer request by a set value of a DMA 
transfer interval for unit DMA transfer size to create a mul 
tiplication result, and that adds said judgment time to the 
multiplication result; and 
a register that holds the calculation result of said calculation 
unit as a next round of said DMA transfer scheduled time.: 
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