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(57) ABSTRACT 

A speed converting apparatus with a load controlling function 
comprises a first interface unit operating for an emulation 
device according to a system clock of the emulation device, a 
second interface unit operating for an arithmetic unit accord 
ing to a system clock of the arithmetic unit, and a load con 
trolling unit controlling at least either a load of a request 
outputted to the emulation device on the emulation device or 
a load of a request outputted to the arithmetic unit on the 
arithmetic unit. In performance verification or connection 
verification of a target to be verified, the speed converting 
apparatus can vary a load of a request issued to the target to be 
verified on the target or a load issued to a verification device 
on the verification device, while absorbing a difference in 
operation speed between the target to be verified and the 
verification device. 

20 Claims, 7 Drawing Sheets 
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SPEED CONVERTINGAPPARATUS WITH 
LOAD CONTROLLING FUNCTION AND 
INFORMATION PROCESSING SYSTEM 

BACKGROUND OF THE INVENTION 

1) Field of the Invention 
The present invention relates to a technique for performing 

performance verification on a target to be verified, and con 
nection verification between the target to be verified and a 
verification device (for example, CPU: Central Processing 
Unit) connected to the target to be verified. 

2) Description of the Related Art 
When an electronic device (a system controller, for 

example) mounted thereona semiconductorintegrated circuit 
(an LSI: Large Scale Integration, for example) is developed, 
verification of the performance of the electronic device, 
which is to be verified, verification of connection of the elec 
tronic device to a verification device (a CPU: Central Pro 
cessing Unit, for example) connected to the electronic device 
and so forth are heretofore performed in order to find out a 
fault (bug and the like), a part that should be improved and the 
like in the electronic device (integrated circuit). 
The performance verification and the connection verifica 

tion are performed by loading (emulating) the electronic 
device, which is a target to be verified, onto an emulation 
device, and connecting the emulation device, on which the 
target to be verified is loaded, to a verification device via a 
speed converting apparatus (speed converting mechanism). 
Why the speed converting apparatus is interposed between 

the emulation device and the verification device is that the 
verification device operates at relatively high speed because it 
is a real machine, whereas the emulation device can operate 
only at relatively lower processing speed than the verification 
device. By interposing the speed converting apparatus, a dif 
ference in operation speed between the emulation device and 
the verification device is absorbed. 
Now, the structure of a known speed converting apparatus 

will be described with reference to FIG. 7. In FIG. 7, an SC 
(System Controller) 110 is an emulation device on which a 
system controller, which is a target to be verified, is emulated, 
and a CPU 120 is a verification device. The CPU 120 may be 
an apparatus actually connected to the system controller. 
As shown in FIG. 7, a known speed converting apparatus 

100 comprises an input/output buffer 101 for the SC 100, an 
input/output buffer 102 for the CPU 120, a speed difference 
absorbing buffer 103 interposed between the input/output 
buffers 101 and 102 to retain a transaction (for example, 
request) issued from the SC 110 to the CPU 120, and a speed 
difference absorbing buffer 104 interposed between the input/ 
output buffers 101 and 102 to retain a transaction from the 
CPU 120 to the SC 110. 
The speed difference absorbing buffers 103 and 104 are 

buffers having the cue structure. A difference in operation 
speed between the SC 110 and the CPU 120 is absorbed by the 
speed difference absorbing buffers 103 and 104. 

In the speed converting apparatus 100, an intervals at 
which transactions are issued from the CPU 120 to the lower 
speed SC 110 simply changes Such that the transactions are 
gradually jammed toward the SC 110. 
As another performance verification, there has been pro 

posed a technique for assisting system development, focused 
on both software and hardware of a data processing system to 
be a system-on-chip (refer to Patent Document 1 below, for 
example). 

In verification of the performance of a target to be verified 
or verification of the connection of a target to be verified and 
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2 
a verification device, efficiently finding a fault of the target to 
be verified or a part that should be improved is useful to 
shorten the time required for development of the target to be 
Verified or development of an excellent apparatus. 

In the performance verification or the connection verifica 
tion, it is thus preferable to change the interval at which 
transactions (requests, for example) are issued to the target to 
be verified (that is, the emulation device) or the verification 
device connected to the target to be verified, the timing of 
issuance of the transaction, the contents of the issued trans 
action and the like, thereby to change the load on the target to 
be verified and the verification device due to the transaction. 

However, the known speed converting apparatus 100 
described above with reference to FIG. 7 can only absorb the 
difference in operation speed between the SC 110 to be veri 
fied and the CPU 120, and cannot vary the load on the target 
to be verified or the verification device due to a transaction. 
The technique disclosed in the Patent Document 1 cannot 
vary the load on the target to be verified or the verification 
device due to a transaction. 

Patent Document 1 International Publication No. WO02/ 
O63473 

SUMMARY OF THE INVENTION 

In the light of the above problems, an object of the present 
invention is to be able to vary a load on the target to be verified 
caused by a request issued to a target to be verified or a load 
on the Verification device caused by a request issued to a 
verification device while a difference in operation speed 
between the target to be verified and the verification device is 
absorbed, in verification on the operation of the target to be 
verified or verification on the connection of the target to be 
verified and the verification device. 
To attain the above object, the present invention provides a 

speed converting apparatus with a load controlling function 
interposed between an emulation device on which a target to 
be verified is emulated and anarithmetic unit connected to the 
emulation device to verify the target to be verified, on the 
basis of an operation of the emulation device in response to a 
request to the emulation device, to absorb a difference in 
operation speed between the emulation device and the arith 
metic unit, the speed converting apparatus comprising a first 
interface unit operating for the emulation device according to 
a system clock of the emulation device to function as an 
interface with the emulation device, a second interface unit 
operating for the arithmetic unit according to a system clock 
of the arithmetic unit to function as an interface with the 
arithmetic unit, and a load controlling unit interposed 
between the first interface unit and the second interface unit to 
control at least either a load on the emulation device caused 
by a request outputted to the emulation device through the 
first interface unit or a load on the arithmetic unit caused by a 
request outputted to the arithmetic unit through the second 
interface unit. 

It is preferable that the first interface unit comprises a first 
storage unit performing an operation of writing a request 
generated by the emulation device according to the system 
clock of the emulation device, and performing an operation of 
reading out the request to the arithmetic unit according to the 
system clock of the arithmetic unit. 

It is preferable that the second interface unit comprises a 
second storage unit performing an operation of writing a 
request generated by the arithmetic unit according to the 
system clock of the arithmetic unit, and performing an opera 
tion of reading out the request to the emulation device accord 
ing to the system clock of the emulation device. 
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It is preferable that the speed converting apparatus with a 
load controlling function further comprises a first output 
interval varying unit for varying an interval at which requests 
are to be outputted to the emulation device. 

It is preferable that the speed converting apparatus with a 
load controlling function further comprises a second output 
interval varying unit for varying an interval at which requests 
are to be outputted to the arithmetic unit. 

It is preferable that the load controlling unit comprises a 
generating unit for generating a request to the emulation 
device. At this time, it is preferable that the generating unit 
comprises a first generating unit for generating a request to 
the emulation device by using data retained in a cache 
memory of the emulation device, and a second generating 
unit for generating a request to the emulation device by using 
data not retained in the cache memory of the emulation 
device. 

It is preferable that the speed converting apparatus with a 
load controlling function further comprises a first data infor 
mation retaining unit for retaining data information on the 
data retained in the cache memory of the emulation device, 
and the first generating unit generates a request to the emu 
lation device on the basis of the data information retained in 
the first data information retaining unit. 

It is preferable that the load controlling unit comprises a 
generating unit for generating a request to the arithmetic unit. 
At this time, it is preferable that the generating unit comprises 
a first generating unit for generating a request to the arith 
metic unit by using data retained in a cache memory of the 
arithmetic unit, and a second generating unit for generating a 
request to the arithmetic unit by using data not retained in the 
cache memory of the arithmetic unit. 

Further, it is preferable that the speed converting apparatus 
with a load controlling function further comprises a second 
data information retaining unit for retaining data information 
on the data retained in the cache memory of the arithmetic 
unit, and the first generating unit generates a request to the 
arithmetic unit on the basis of the data information retained in 
the second data information retaining unit. 

The speed converting apparatus with a load controlling 
function of this invention has, separately, the first interface 
unit and the second interface unit for a target to be verified and 
the Verification device, respectively, and the load controlling 
unit controlling at least either a load on the target caused by a 
request to the target to be verified or a load on the verification 
device caused by a request to the verification device, thereby 
actively varying the load of a request on the target to be 
verified or the verification device. Accordingly, it is possible 
to largely improve the efficiency of verification on the perfor 
mance of a target to be verified and Verification on the con 
nection of a target to be verified and the verification device, 
which allows great improvement of the quality of the target to 
be verified within a short time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a structure of a speed 
converting apparatus with a load controlling function accord 
ing to an embodiment of this invention; 

FIG. 2 is a block diagram showing the structure of the 
speed converting apparatus with a load controlling function 
according to the embodiment of this invention; 

FIG.3 is a diagram for illustrating an example of an opera 
tion of the speed converting apparatus with a load controlling 
function according to the embodiment of this invention; 
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4 
FIG. 4 is a diagram for illustrating an example of another 

operation of the speed converting apparatus with a load con 
trolling function according to the embodiment of this inven 
tion; 

FIG. 5 is a diagram for illustrating an example of still 
another operation of the speed converting apparatus with a 
load controlling function according to the embodiment of this 
invention; 

FIG. 6 is a block diagram showing a structure of a speed 
converting apparatus according to a modification of this 
invention; and 

FIG. 7 is a block diagram showing a structure of a known 
speed converting apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Hereinafter, description will be made of an embodiment of 
this invention with reference to the drawings. 

1. Embodiment of the Invention 

First, description will be made of a structure of a speed 
converting apparatus with a load controlling function (here 
inafter referred to simply as a speed converting apparatus) 
according to an embodiment of this invention with reference 
to block diagrams shown in FIGS. 1 and 2. 
As shown in FIG. 1, the speed converting apparatus 1 is 

interposed between an emulation device (denoted as SC in the 
drawings) 2 on which a system controller as being a target to 
be verified is loaded (emulated) and an arithmetic unit (CPU: 
Central Processing Unit)3 for verifying the system controller 
(target to be verified) on the basis of the operation of the 
emulation device 2 in response to a transaction (here, a 
request) to the emulation device 2. The speed converting 
apparatus 1 comprises an SC interface controlling circuit 
(first interface unit) 10, a CPU interface controlling circuit 
(second interface unit) 20, a load controlling circuit (load 
controlling unit) 30, a sequencer (request contents setting 
unit) 40 and a setting unit 50. 
The SC interface controlling circuit 10, the CPU interface 

controlling circuit 20, the load controlling circuit 30 and the 
sequencer 40 of the speed converting apparatus 1 are config 
ured on an FPGA (Field Programmable Gate Array) 1' (refer 
to FIG. 2 to be described later). 
The SC interface controlling circuit 10 is an interface for 

the SC2, which operates for the emulation device (hereinafter 
simply referred to as an SC) according to the system clock of 
the SC 2. The SC interface controlling circuit 10 comprises an 
input/output buffer 11, a storage unit (RAM: Random Access 
Memory; first storage unit) 12, and an output controlling unit 
(first output interval varying unit) 13. 
The input/output buffer 11 receives and passes data (re 

quests and the like) from and to the SC 2. 
The storage unit 12 retains the same data as data retained in 

a storage unit (a cache memory, for example) in the SC 2, and 
temporarily retains a request, a response to a request or the 
like generated by the SC 2. 
The storage unit 12 writes a request or the like generated by 

the SC 2 according to the system clock of the SC 2, and reads 
out the request or the like to the arithmetic unit (hereinafter 
referred to as a CPU) 3 according to the system clock of the 
CPU 3. The storage unit 12 is preferably a dual port RAM. 
The output controlling unit 13 varies the interval (time 

interval) at which requests to the SC 2 are to be outputted to 
the SC 2. For example, the output controlling unit 13 allows a 
plurality of requests to the SC 2 issued from the CPU 3 to be 
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outputted to the SC 2 at shorter intervals than the intervals at 
which requests have been issued from the CPU 3, or allows a 
plurality of requests to be outputted to the SC 2 at wider 
intervals than the interval(s) at which the requests have been 
issued from the CPU 3. Whereby, the output controlling unit 
13 can vary the load on the SC 2 due to requests to the SC 2. 
The CPU interface controlling circuit 20 is an interface 

with the CPU 3, which operates for the CPU 3 according to 
the system clock of the CPU3. The CPU interface controlling 
circuit 20 comprises an input/output buffer 21, a storage unit 
(RAM: Random Access Memory; second storage unit) 22, 
and an output controlling unit (second output interval varying 
unit) 23. 

The input/output buffer 21 receives and passes data (re 
quests and the like) from and to the CPU 3. 
The storage unit 22 retains the same data as data retained in 

a storage unit (for example, a cache memory) in the CPU 3. 
and temporarily retains a request generated by the CPU 3 or a 
response to the request. 
The storage unit 22 writes a request or the like generated by 

the CPU 3 according to the system clock of the CPU 3, and 
reads out the request or the like to the SC 2 according to the 
system clock of the SC 2. The storage unit 22 is preferably a 
dual port RAM. 
The output controlling unit 23 varies the interval (time 

interval) at which requests to the CPU3 are to be outputted to 
the CPU 3. For example, the output controlling unit 23 allows 
a plurality of requests to the CPU3 issued from the SC 2 to be 
outputted to the CPU3 at narrower intervals than the intervals 
at which the requests haven issued from the SC2, or allows a 
plurality of requests to be outputted to the CPU 3 at wider 
intervals than intervals at which the requests have been issued 
from the SC 2. Whereby, the output controlling unit 23 can 
vary the load of a request to the CPU 3 on the CPU 3. 

The load controlling circuit 30 is interposed between the 
SC interface controlling circuit 10 and the CPU interface 
controlling circuit 20 to control the load of requests outputted 
to the SC 2 through the SC interface controlling circuit 10 on 
the SC 2, and controls the load of requests outputted to the 
CPU3 through the CPU interface controlling circuit 20 on the 
CPU 3. 

Namely, the load controlling circuit 30 does not output a 
request to be issued to the SC 2 to the SC 2 in the same way 
as the CPU2 does, but changes the mode of the request issued 
from the CPU 3 to another mode differing from the normal 
mode (issuance state) and outputs the request to the SC 2. 
thereby controlling the load of the request on the SC 2. 

Further, the load controlling circuit 30 does not output a 
requestissued from the SC 2 to the CPU3 in its original mode, 
but changes the mode to another mode differing from the 
normal mode and outputs the request to the CPU 3, thereby 
controlling the load of the request on the CPU 3. 
The load controlling circuit 30 comprises, as shown in FIG. 

2, a transaction generation controlling circuit (generating 
unit) 31, a request mediating unit (first output order changing 
unit) 36 and a request mediating unit (second output order 
changing unit) 37. 
The transaction generation controlling circuit 31 generates 

requests to the SC 2 and the CPU 3. Namely, the transaction 
generation controlling circuit 31 independently generates 
transactions (here, requests) to the SC 2 and the CPU 3. 
separately from a request to the SC 2 from the CPU 3 or a 
request to the CPU 3 from the SC 2. 
The transaction generation controlling circuit 31 com 

prises a cache transaction generation controlling circuit (first 
generating unit) 32, and a non-cache transaction generation 
controlling circuit (second generating unit) 35. 
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6 
The cache transaction generation controlling circuit 32 

generates requests to the SC 2 and the CPU 3 by using data 
retained in storage units (for example, cache memories; not 
shown) provided in the SC 2 and the CPU 3, respectively. The 
cache transaction generation controlling circuit 32 comprises 
an SC cache tag (denoted as SC Cache TAG in the drawing: 
first data information retaining unit) retaining data informa 
tion (TAG information) showing contents of the data retained 
in the cache memory of the SC 2, and a CPU cache tag 
(denoted as CPU Cache TAG in the drawing; second data 
information retaining unit) 34 retaining data information 
(TAG information) showing contents of the data retained in 
the cache memory of the CPU 3. 
The cache transaction generation controlling unit 32 gen 

erates a request to the SC2, by using data retained in the cache 
memory in the SC 2 on the basis of the data information 
retained in the SC cache tag 33. 
The cache transaction generation controlling unit 32 also 

generates a request to the CPU 3, by using data retained in the 
cache memory in the CPU 3 on the basis of the data informa 
tion retained in the CPU cache tag 34. 
The non-cache transaction generation controlling circuit 

35 generates a request to the SC 2, by using data not retained 
in the cache memory of the SC2, and also generates a request 
to the CPU 3, by using data not retained in the cache memory 
of the CPU 3. 

Generation of a request by the non-cache transaction gen 
eration controlling circuit 35 may be done on the basis of the 
data information retained in the SC cache tag 33 or the CPU 
cache tag 34 of the cache transaction generation controlling 
circuit 32, or may be done not on the basis of the data infor 
mation retained in the SC cache tag 33 or the CPU cache tag 
34. In either case, the non-cache transaction generation con 
trolling circuit 35 generates a request, by using data not 
retained in the cache memory of the SC 2 and the CPU 3. 
The request mediating unit 36 selects a request to be issued 

to the SC 2, thereby changing the order in which requests to 
the SC 2 are to be issued to the SC 2. 

Namely, the request mediating unit 36 does not output a 
plurality of requests to the SC 2 generated by the CPU 3, the 
cache transaction generation controlling circuit 32 and/or the 
non-cache transaction generation controlling circuit 35 in the 
order in which the requests have been generated, but changes 
the order in which the requests are to be outputted and issues 
the requests to the SC interface controlling circuit 10 (here, 
the output controlling unit 13). Whereby, it is possible to 
increase the load on the SC 2. 
The request mediating unit 37 selects a request to be issued 

to the CPU 3, thereby changing the order in which requests to 
the CPU3 are to be outputted to the CPU 3. 

Namely, the request mediating unit 37 does not output a 
plurality of requests to the CPU 3 generated by the SC 2, the 
cache transaction generation controlling circuit 32 and/or the 
non-cache transaction generation controlling circuit 35 in the 
order in which the requests have been generated, but changes 
the order in which the requests are to be outputted and issues 
the requests to the CPU interface controlling circuit 20 (here, 
the output controlling unit 23). Whereby, it is possible to 
increase the load on the CPU 3. 
Now, description will be made of an example of the opera 

tions of the SC 2, the CPU 3 and the speed converting appa 
ratus 1 with reference to FIGS. 3 through 5. In FIGS. 3 
through 5, like reference characters designate like or corre 
sponding parts, detailed description of which are thus omit 
ted. In FIGS. 3 through 5, reference characters t1 to tn des 
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ignate processing cycle units (system clock units of the CPU 
3), and T1 to Tn designate processing cycle units (system 
clock units of the SC 2). 

First, the normal operation in which the load of requests on 
the SC 2 is not changed will be described with reference to 
FIG. 3. As shown in FIG. 3, when two request are generated 
by the CPU3 and issued from the CPU3 to the SC 2 (refer to 
arrows c1 and c2, and t1 and t5), the two requests are output 
ted to the SC 2 through the speed converting apparatus 1 (refer 
to arrows f1 and f2, and T1 and T4). The SC2 executes the two 
requests in the order in which the SC 2 has received the two 
requests, and notifies the CPU 3 of responses to the requests 
(refer to arrows s1 and s2, and T6 and T9). The CPU3 receives 
the responses from the speed converting apparatus 1 (refer to 
arrows f3 and f4, and t28 and ta.0), and the process is com 
pleted. 
When the speed converting apparatus 1 transmits the 

requests generated by the CPU 3 to the SC 2 in the order in 
which the requests have been generated, the SC 2 receives the 
requests at an interval of two cycles (refer to T1 and T4) even 
if the CPU3 issues the requests at an interval of three cycles 
(refer to t1 and t5). As a result, the interval between the 
requests looks shorter to the SC 2 which operates slower than 
the CPU 3. 
When the output controlling unit 13 shortens the time 

interval at which the request are to be outputted, the interval 
between the two requests received by the SC 2 becomes 
further shorter, thus the load of the requests issued from the 
CPU 3 on the SC 2 is increased. 

Next, description will be made of a case where the trans 
action generation controlling circuit 31 generates a request to 
the SC 2, with reference to FIG. 4. As shown in FIG. 4, the 
CPU3 issues two requests to the SC 2 (refer to arrows c1 and 
c2, and t1 and t8). When the transaction generation control 
ling circuit 31 generates another request and outputs it to the 
SC 2 (refer to an arrow f2, and T3) while these requests are 
outputted to the SC 2 through the speed converting apparatus 
1 (refer to arrows f1 and f3, and T1 and T5), the SC 2 executes 
the process in the order in which the SC 2 has received the 
three requests, and makes responses (refer to arrows S1, s2 
and s3, and T6, T8 and T10). 

In this case, responses to the requests issued from the CPU 
3 are outputted to the CPU 3 through the speed converting 
apparatus 1 (refer to arrows f4 and fS, and t28 and ta4). 
However, a response to the request issued from the transac 
tion generation controlling circuit 31 is received by the speed 
converting apparatus 1, registered in the SC cache tag 33 
(refer to an arrow s2), not passed to the CPU 3. 
The transaction generation controlling circuit 31 generates 

a request to the SC 2, whereby the load of the requests on the 
SC 2 is increased. 

In the example shown in FIG. 4, even when the transaction 
generation controlling circuit 31 generates a request to the SC 
2 after the CPU3 issues the second request (refer to an arrow 
c2), the request mediating unit 36 changes the order in which 
the requests are to be outputted to the SC 2, whereby it is 
possible to output the request generated by the transaction 
generation controlling circuit 31 to the SC 2 before the second 
request generated by the CPU3 is outputted to the SC 2, as 
shown in FIG. 4. 

Next, description will be made of a case where the load of 
a request to the CPU3 on the CPU3 is changed with reference 
to FIG.5. As shown in FIG. 5, a request from the CPU3 to the 
SC 2 is outputted to the SC 2 through the speed converting 
apparatus 1 (refer to arrows c1 and f1, and t1 and T1). When 
the transaction generation controlling circuit 31 generates a 
request to the CPU 3 (refer to an arrow f2, and t7) before the 
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8 
CPU 3 receives a response to the request from the SC 2 (refer 
to arrows s1 and f3, and T4 and t20), the CPU 3 executes a 
process for the request, and responds to the speed converting 
apparatus 1 (refer to an arrow c2, and t12). 

This response is not passed to the SC 2, but registered in a 
data buffer (not shown) connected to the load generation 
controlling circuit 30 in the speed converting apparatus 1. 
When there is write-back data, this write-back data is retained 
in a relevant data buffer. 

Namely, this data buffer is used to retain a response to a 
request generated by the transaction generation controlling 
circuit 31 from the SC 2 or the CPU 3. This data buffer retains 
a response to a request issued from the transaction generation 
controlling circuit 31, and the SC cache tag 33 and the CPU 
cache tag 34 retain data information on the data retained in the 
data buffer, whereby the SC 2 and the CPU 3 can cope with a 
request issued thereafter based on the request (a request 
issued on the assumption that a response to the request gen 
erated by the transaction generation controlling circuit 31 is 
retained in the SC 2 or the CPU3). Even when the transaction 
generation controlling circuit 31 independently issues a 
request, it is possible to keep coherency between data retained 
in the SC 2 and data retained in the CPU 3. 
As above, the transaction generation controlling circuit 31 

generates a request to the CPU 3, whereby the load of the 
requests on the CPU3 is increased. 
When a request is issued from the SC 2 to the CPU 3 

through the speed converting apparatus 1 (refer to arrows s2 
and f4, and T6 and t28), the CPU 3 outputs a response to this 
request to the SC 2 through the speed converting apparatus 1 
(refer to arrows c3 and f5, and t33 and T9). When the CPU 3 
does not respond to this request from the SC 2, the above data 
buffer (not shown) responds to the SC 2 so long as it is found 
as a result of reference to the CPU cache tag 34 that the CPU 
cache tag 34 retains data information relating to data to be 
responded (refer to an arrow f6). 

Next, description will be made of the sequencer 40 and the 
setting unit 50 with reference to FIGS. 1 and 2. 
The sequencer 40 sets contents of a request to the SC 2 or 

the CPU3 generated by the transaction generation controlling 
circuit 31 (the cache transaction generation controlling circuit 
32 and the non-cache transaction generation controlling cir 
cuit 35). 

Since the load controlling circuit 30 is configured on the 
FPGA 1" in the speed converting apparatus 1, the sequencer 
40 rewrites a sequence setting file of the transaction genera 
tion controlling circuit 31 to designate (set) contents of a 
request to the SC 2 or the CPU 3 generated by the transaction 
generation controlling circuit 31. 
When the sequencer 40 sets the contents of a request gen 

erated by the transaction generation controlling circuit 31, it 
is necessary to compile the FPGA 1'. 
The setting unit 50 sets operations of the output controlling 

units 13 and 23, the transaction generation controlling circuit 
31, and the request mediating units 36 and 37. Here, the 
setting unit 50 is comprised of a dip switch manually operated 
by the operator, for example. 
The setting unit 50 comprises, as shown in FIG. 2, a first 

setting unit (first output interval setting unit) 51, a second 
setting unit (second output interval setting unit) 52, a third 
setting unit (mode setting unit) 53, a fourth setting unit (first 
output order setting unit) 54 and a fifth setting unit (second 
output order setting unit) 55. 
The first setting unit 51 sets an output interval (output time 

interval) at which a plurality of requests are to be outputted to 
the SC 2 by the output controlling unit 13 in the SC interface 
controlling circuit 10. 
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The first setting unit 51 can freely change the output time 
interval (time interval based on the system clock of the SC 2) 
at which a plurality of requests are to be outputted to the SC 
2 by the output controlling unit 13 to another time interval 
differing from a time interval at which these requests have 
been generated. It is thereby possible to output a plurality of 
requests generated by at least either the CPU 3 or the trans 
action generation controlling circuit 31 at a shorter time inter 
Val than an interval at which the requests have been generated, 
thereby increasing the load on the SC 2. On the other hand, it 
is also possible to output the plural requests at a wider time 
interval than the interval at which the requests have been 
generated, thereby decreasing the load on the SC 2. 
The first setting unit 51 sets the output interval mode for a 

plurality of requests to be outputted to the SC 2 by the output 
controlling unit 23 from the normal mode to a different mode 
(debug mode) to vary the load on the SC 2 as above, whereby 
a bug or a part that should be improved in the SC 2, which is 
a target to be verified, can be easily found. 
When the transaction generation controlling circuit 31 gen 

erates a specific request to the SC 2 by means of the sequencer 
40, it is preferable that another request is not outputted to the 
SC 2 from when the SC 2 receives this request to when the SC 
2 completes a process based on this request in order to verify 
the operation of the SC 2 on the basis of this request. For this, 
when a specific request is issued to the SC 2 by means of the 
sequencer 40, it is preferable that the first setting unit 51 sets 
the output mode of the request by the output controlling unit 
13 to a sequential mode in which another request is not 
outputted to the SC 2 from when the SC 2 receives the request 
to when the SC 2 completes the process based on the request. 

Just as the first setting unit 51 sets the output interval at 
which requests are to be outputted by the output controlling 
unit 13, the second setting unit 52 sets the output intervals at 
which requests are to be outputted to the CPU3 by the output 
controlling unit 23 in the CPU interface controlling circuit 20. 

Namely, the second setting unit 52 sets the output time 
interval (time interval based on the system clock of the CPU 
3) at which a plurality of requests are to be outputted to the 
CPU 3 by the output controlling unit 23 to a shorter time 
interval than a time interval at which these requests have been 
generated, and outputs the requests to the CPU 3, whereby the 
load on the CPU 3 can be increased. On the other hand, the 
second setting unit 52 sets the time interval longer than the 
time interval at which the requests have been generated and 
outputs the requests, whereby the load on the CPU 3 is 
decreased. 

Since the second setting unit 52 sets the mode of the output 
interval at which a plurality of requests are to be outputted to 
the SC 2 by the output controlling unit to the debug mode to 
vary the load on the SC 2 as above, it is possible to efficiently 
perform the performance verification on the CPU 3. 
When the transaction generation controlling circuit 31 gen 

erates a specific request to the CPU 3 by means of the 
sequencer 40, the second setting unit 52 can set the mode for 
outputting requests by the output controlling unit 23 to a 
sequential mode in which another request is not outputted to 
the CPU3 from when the CPU3 receives this request to when 
the CPU 3 completes a process based on this request. 

The third setting unit 53 sets a mode for generating a 
request by the transaction generation controlling circuit 31, 
setting whether or not the transaction generation controlling 
circuit 31 generates a request to the SC 2 or the CPU 3. 

Namely, the third setting unit 53 sets whether or not the 
cache transaction generation controlling circuit 32 generates 
a request, and sets whether or not the non-cache transaction 
generation controlling circuit 35 generates a request. 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
Accordingly, the third setting unit 53 sets the transaction 

generation controlling circuit 31 to (1) a cache access gen 
eration mode in which only the cache transaction generation 
controlling circuit 32 generates a request, (2) anon-cache 
access generation mode in which only the non-cache trans 
action generation controlling circuit 35 generates a request, or 
(3) a random access generation mode in which both the cache 
transaction generation controlling circuit 32 and the non 
cache transaction generation controlling circuit 35 generate 
requests. 

In each of the above generations modes (1) to (3), the third 
setting unit 53 can set (a) a read mode in which only a read 
request is generated, (b) a write mode in which only a write 
requestis generated, or (c) a read/write request mode in which 
both the read request and the write request are generated. 
The fourth setting unit 54 sets a changed order by the 

request mediating unit 36 in which requests are to be issued. 
Namely, as described above with reference to FIG. 4, the 
fourth setting unit 54 can insert a request generated by the 
transaction generation controlling circuit 31 between 
requests issued from the CPU 3, and issue the request to the 
SC 2. 
The fifth setting unit 55 sets a changed order by the request 

mediating unit 37 in which requests are to be issued. Like the 
fourth setting unit 54, the fifth setting unit 55 can insert a 
request generated by the transaction generation controlling 
circuit 31 between requests issued from the SC 2, and issue 
the request to the CPU 3, for example. 
The setting unit 50 can combine the settings by the first 

setting unit 51 to the fifth setting unit 55, and can execute 
various settings set by the first setting unit 51 to the fifth 
setting unit 55 even while the speed converting apparatus 1 is 
in operation. 
As described above, the speed converting apparatus 1 with 

the load controlling function according to the embodiment of 
this invention has the SC interface controlling circuit 10 and 
the CPU interface controlling circuit 20, which are indepen 
dently used for the SC 2 and the CPU 3, respectively, and the 
load controlling circuit 30 for controlling the loads of 
requests to the SC 2 and the CPU3 on the SC 2 and the CPU 
3. Whereby, the speed converting apparatus 1 can actively 
vary the loads of requests on the SC 2, which is a target to be 
verified, and the CPU 3. As a result, it is possible to largely 
increase the efficiency of the verification on the performance 
of a target to be verified (SC 2) and the verification on the 
connection between the target to be verified and the CPU 3, 
which allows the quality of the target to be verified to be 
improved within a short period of time. 

In concrete, the output controlling unit 13 in the SC inter 
face controlling circuit 10 can shorten the output interval for 
a plurality of requests to the SC2, or widen the same. It is thus 
possible to vary the load on the SC 2, which allows efficient 
performance verification and connection verification. 

Since the first setting unit 51 in the setting unit 50 can set 
the output interval at which a plurality of requests are to be 
outputted by the output controlling unit 13, the operator of the 
speed converting apparatus 1 (hereinafter simply referred to 
as an operator) can freely set the output interval for a plurality 
of requests by the output controlling unit 13 to perform veri 
fication on a target to be verified more efficiently. 

Since the output controlling unit 23 in the CPU interface 
controlling circuit 20 can change the output interval for a 
plurality of requests to the CPU 3, it is possible to vary the 
load on the CPU 3, which allows efficient performance veri 
fication and connection verification. 

Further, since the second setting unit 52 in the setting unit 
50 can set the output interval for a plurality of requests to be 
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outputted by the output controlling unit 23, the operator can 
freely set the output interval for a plurality of requests by the 
output controlling unit 23, which allows efficient connection 
verification. 

Still further, since the transaction generation controlling 
circuit 31 in the load controlling circuit 30 can independently 
generate requests to the SC 2 and the CPU 3, it can generate 
requests, which are not normally generated while the SC 2 
and the CPU 3 are in operation. It is thereby possible to 
readily increase the loads on the SC 2 and the CPU 30, which 
allows efficient performance verification and connection 
verification. 
The cache transaction generation controlling circuit 32 in 

the transaction generation controlling circuit 31 can generate 
requests by using data retained in the SC 2 and the CPU 3 on 
the basis of the SC cache tag 33 and the CPU cache tag 34. It 
is thereby possible to generate a request that the operator 
desires to verify. 
The non-cache transaction generation controlling circuit 

35 in the transaction generation controlling circuit 31 can 
generate a request by using data not retained in the SC 2 and 
the CPU3. It is thereby possible to further increase the loads 
on the SC 2 and the CPU 3, which allows efficient perfor 
mance verification and connection verification. 
The third setting unit 53 in the setting unit 50 can set the 

mode for generating a request by the transaction generation 
controlling circuit 31 (namely, the cache access generation 
mode, the non-cache access generation mode and the random 
access generation mode described above). The operator can 
thereby designate a request generated by the transaction gen 
eration controlling circuit 31 (namely, the operator can des 
ignate whether or not the cache-transaction generation con 
trolling circuit 32 generates a request, or whether or not the 
no-cache transaction generation controlling circuit 32 gener 
ates a request), which allows efficient performance verifica 
tion and connection verification. 

The sequencer 40 can designate contents of a request gen 
erated by the transaction generation controlling circuit 31. 
The operator can thereby freely generate a request that the 
operator desires to confirm, and certainly verify the perfor 
mance caused by the request to be confirmed. This allows 
more efficient performance verification and connection veri 
fication. 
The bus interface controlling units (the interface control 

ling circuits) are separately disposed for the SC 2 and the CPU 
3, a response from the SC 2 or the CPU 3 to a request 
generated by the transaction generation controlling circuit 31 
is stored in a data buffer connected to the load controlling 
circuit 30, and data information on the response is retained in 
the SC cache tag 33 or the CPU cache tag 34. It is thus 
possible to keep coherency of data between the SC 2 and the 
CPU 3 even when the transaction generation controlling cir 
cuit 31 independently generates a request. 
The request mediating unit 36 in the load controlling cir 

cuit 30 can change the output order for a plurality of requests 
to the SC 2 to the order differing from the order in which these 
requests have been generated. As a result, it is possible to 
increase the load on the SC 2 to perform efficient performance 
Verification and connection verification. 
The fourth setting unit 54 in the setting unit 50 can set the 

output order of a plurality of requests changed by the request 
mediating unit 36. The operator can thereby freely set the 
order in which requests are to be outputted to the SC2, which 
allows more efficient performance verification and connec 
tion verification. 

The request mediating unit 37 in the load controlling cir 
cuit 30 can change the output order in which a plurality of 
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12 
requests are to be outputted to the CPU3 to the order differing 
from the order in which the plural requests have been gener 
ated. As a result, it is possible to increase the load on the CPU 
3, which allows efficient connection verification. 

Further, since the fifth setting unit 55 in the setting unit 50 
can set the output order for a plurality of requests changed by 
the request mediating unit 37, the operator can freely set the 
order in which requests are to be outputted to the CPU 3, 
which allows more efficient connection verification. 
The settings set by the first setting unit 51 to the fifth setting 

unit 55 in the setting unit 50 can appropriately combined and 
executed. The operator can thereby freely combine opera 
tions that the operator desires to verify (that is, the kind, 
output interval, output order and the like of a request that the 
operator desires to verify) and set the operations, and execute 
the settings set by the first setting unit 51 to the fifth setting 
unit 55 even while the speed converting apparatus 1 is in the 
normal operation. Accordingly, the operator can freely adjust 
the load of a request to the SC 2 and the CPU 3 during the 
operation, and execute efficient verification in order to speed 
up the development of a target to be verified and improve the 
quality. 
The storage unit 12 in the SC interface controlling circuit 

10 operates for the SC 2 according to the system clock of the 
SC 2, and operates for the CPU 3 (here, the load controlling 
circuit 30) according to the system clock of the CPU 3. The 
storage unit 22 in the CPU interface controlling circuit 20 
operates for the CPU 3 according to the system clock of the 
CPU 3, and operates for the SC 2 according to the system 
clock of the SC 2. It is thereby possible to certainly absorb a 
difference in operation speed between the SC (emulation 
device) 2 and the CPU 3. 

2. Others 

Note that the present invention is not limited to the above 
examples, but may be modified in various ways without 
departing from the scope of the invention. 

In the above embodiment, the setting unit 50 is composed 
of a dip switch, for example. However, this invention is not 
limited to this example. 

In the above embodiment, the speed converting apparatus 1 
has the load controlling circuit 30. However, if it is not nec 
essary to control the load of a request on the SC 2 or the CPU 
3, the speed converting apparatus can be configured, as shown 
in FIG. 6, as a speed converting apparatus 1" comprising abus 
interface unit 4 with the SC 2, a bus interface unit 5 with the 
CPU 3 and storage units (denoted as RAMs in the drawing) 6 
and 7. 

Like the above SC interface controlling circuit 10, the bus 
interface unit 4 operates for the SC 2 according to the system 
clock of the SC 2. 

Like the above CPU interface controlling circuit 20, the bus 
interface unit 5 operates for the CPU 3 according to the 
system clock of the CPU 3. 
The storage unit 6 is the same as the above storage unit 12. 

The storage unit 7 is the same as the above storage unit 22. 
The speed converting apparatus 1" according to a modifi 

cation of this invention can certainly absorb a difference in 
operation speed between the SC 2 and the CPU 3 in a very 
simple structure. The bus interface units 4 and 5 can be 
configured by realizing the bus interface units in the known 
speed converting apparatus 100 described above with refer 
ence to FIG. 7 on an FPGA configuring the speed converting 
apparatus 1", it is thus possible to readily realize the speed 
converting apparatus 1" within a short time. 



US 8,812,288 B2 
13 

What is claimed is: 
1. A speed converting apparatus with a load controlling 

function interposed between an emulation device on which a 
target to be verified is emulated and an arithmetic unit con 
nected to said emulation device to verify said target to be 
verified, on the basis of an operation of said emulation device 
in response to a request to said emulation device, to absorb a 
difference in operation speed between said emulation device 
and said arithmetic unit, said speed converting apparatus 
comprising: 

a first interface unit which operates for said emulation 
device according to a system clock of said emulation 
device to function as an interface with said emulation 
device; 

a second interface unit which operates for said arithmetic 
unit according to a system clock of saidarithmetic unit to 
function as an interface with said arithmetic unit; and 

a load controlling unit interposed between said first inter 
face unit and said second interface unit to control at least 
either a load on said emulation device caused by a 
request outputted to said emulation device through said 
first interface unit or a load on said arithmetic unit 
caused by a request outputted to said arithmetic unit 
through said second interface unit, wherein 

said load controlling unit comprises a generating unit 
which generates the request to be outputted to said emu 
lation device or said arithmetic unit. 

2. The speed converting apparatus with a load controlling 
function according to claim 1, wherein said first interface unit 
comprises a first storage unit which performs an operation of 
writing a request generated by said emulation device accord 
ing to the system clock of said emulation device, and which 
performs an operation of reading out the request to Saidarith 
metic unit according to the system clock of said arithmetic 
unit. 

3. The speed converting apparatus with a load controlling 
function according to claim 1, wherein said second interface 
unit comprises a second storage unit which performs an 
operation of writing a request generated by said arithmetic 
unit according to the system clock of saidarithmetic unit, and 
which performs an operation of reading out the request to said 
emulation device according to the system clock of said emu 
lation device. 

4. The speed converting apparatus with a load controlling 
function according to claim 1 further comprising a first output 
interval varying unit which varies an interval at which 
requests are to be outputted to said emulation device. 

5. The speed converting apparatus with a load controlling 
function according to claim 4 further comprising a first output 
interval setting unit which sets the request output interval 
varied by said first output interval varying unit. 

6. The speed converting apparatus with a load controlling 
function according to claim 1 further comprising a second 
output interval varying unit which varies an interval at which 
requests are to be outputted to said arithmetic unit. 

7. The speed converting apparatus with a load controlling 
function according to claim 6 further comprising a second 
output interval setting unit which sets the request output 
interval varied by said second output interval varying unit. 

8. The speed converting apparatus with a load controlling 
function according to claim 1, wherein said generating unit 
comprises: 

a first generating unit which generates the request to be 
outputted to said emulation device by using data retained 
in a cache memory of said emulation device; and 
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14 
a second generating unit which generates the request to be 

outputted to said emulation device by using data not 
retained in said cache memory of said emulation device. 

9. The speed converting apparatus with a load controlling 
function according to claim 8 further comprising a first data 
information retaining unit which retains data information on 
the data retained in said cache memory of said emulation 
device; and 

said first generating unit generating a request to said emu 
lation device on the basis of the data information 
retained in said first data information retaining unit. 

10. The speed converting apparatus with a load controlling 
function according to claim 1 further comprising a request 
contents setting unit which sets contents of a request gener 
ated by said generating unit. 

11. The speed converting apparatus with a load controlling 
function according to claim 1 further comprising a mode 
setting unit which sets a mode in which a request is generated 
by said generating unit. 

12. The speed converting apparatus with a load controlling 
function according to claim 1, wherein said generating unit 
comprises: 

a first generating unit which generates a request to said 
arithmetic unit by using data retained in a cache memory 
of said arithmetic unit; and 

a second generating unit which generates a request to said 
arithmetic unit by using data not retained in said cache 
memory of said arithmetic unit. 

13. The speed converting apparatus with a load controlling 
function according to claim 12 further comprising a second 
data information retaining unit which retains data informa 
tion on the data retained in said cache memory of Saidarith 
metic unit; and 

said first generating unit generating a request to said arith 
metic unit on the basis of the data information retained in 
said second data information retaining unit. 

14. The speed converting apparatus with a load controlling 
function according to claim 1 further comprising a request 
contents setting unit which sets contents of a request gener 
ated by said generating unit. 

15. The speed converting apparatus with a load controlling 
function according to claim 1, wherein said load controlling 
unit comprises a first output order changing unit which 
changes the order in which requests are to be outputted to said 
emulation device. 

16. The speed converting apparatus with a load controlling 
function according to claim 15 further comprising a first 
output order setting unit which sets the order changed by said 
first output order changing unit. 

17. The speed converting apparatus with a load controlling 
function according to claim 1, wherein said load controlling 
unit comprises a second output order changing unit which 
changes the order in which requests are to be outputted to said 
arithmetic unit. 

18. The speed converting apparatus with a load controlling 
function according to claim 17 further comprising a second 
output order setting unit which sets the order changed by said 
second output order changing unit. 

19. An information processing system comprising: 
an emulation device emulating a target to be verified; 
an arithmetic unit, connected to said emulation device, 

Verifying said target on the basis of an operation of said 
emulation device which operation is responsive to a 
request to said emulation device; and 

a speed converting apparatus with a load controlling func 
tion, interposed between said emulation device and said 
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arithmetic unit, absorbing a difference in operation 
speed between said emulation device and Saidarithmetic 
unit, 

wherein said speed converting apparatus comprises 
a first interface unit operating for said emulation device 

according to a system clock of said emulation device to 
function as an interface with said emulation device, 

a second interface unit operating for said arithmetic unit 
according to a system clock of said arithmetic unit to 
function as an interface with said arithmetic unit, and 

a load controlling unit interposed between said first inter 
face unit and said second interface unit to control at least 
either a load on said emulation device caused by a 
request outputted to said emulation device through said 
first interface unit or a load on said arithmetic unit 
caused by a request outputted to said arithmetic unit 
through said second interface unit, wherein 

said load controlling unit comprises a generating unit 
which generates the request to be outputted to said emu 
lation device or said arithmetic unit. 
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20. An emulator controller comprising: 
an emulator emulating a target; 
an verifierconnected to said emulator, the verifier verifying 

said target on the basis of an operation of said emulator, 
the operation being in response to a request to said 
emulator; and 

a load controllerinterposed between said emulator and said 
verifier, the load controller absorbing a difference in 
operation speed between said emulator and said verifier, 

wherein said load controller comprises: 
an emulator interface operating at a speed of an emulator 

clock of the emulator, 
a verifier interface unit operating at a speed of a verifier 

clock of the verifier, and 
the load controller controlling at least either a load on said 

emulator caused by a request outputted to said emulator 
through said emulator interface or a load on said verifier 
caused by a request outputted to said verifier through 
said verifier interface, wherein 

the load controller comprises a generator which generates 
the request to be outputted to said emulator or said 
verifier. 


