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BUS STRUCTURE, DATABASE AND METHOD OF 
DESIGNING INTERFACE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a bus structure in 
a Semiconductor integrated circuit device Such as a System 
LSI, a method of designing an interface and a database for 
use in design of an interface. 
0002 A part designated as an interface for connecting a 
CPU of a semiconductor circuit and a circuit controlled by 
the CPU is conventionally significant for communication 
between the CPU and the circuit. The essential portion of the 
interface is a Signal line designated as a bus, and a System 
for controlling data input/output, for example, controlling 
how right to access to the bus is acquired, is significant in 
Sending data. In other words, the interface including the bus 
Structure is an element having a great influence upon the 
ultimate performance of a device. 
0003. The conventionally known bus structures are, as is 
shown in FIG. 1, a Neumann architecture type bus structure 
used in a Neumann processor and a Harvard type bus 
Structure used in a Harvard processor. In the Neumann 
architecture type bus Structure, merely an address and a data 
are distinguished from each other, So that an address and a 
data can be expressed together by one line or an address and 
a data can be respectively expressed by two lines. Known 
examples of the Neumann architecture type bus structure are 
a multiplexer type bus structure in which an address and a 
data are transferred through a common bus and a demulti 
plexer type bus structure in which an address and a data are 
respectively transferred through different buses, namely, an 
address bus and a data bus. 

0004: A Harvard processor has a structure in which data 
are divided depending upon their contents into control data 
and data of an actually transferred file. A known Harvard 
type bus structure conventionally developed is a bus struc 
ture in which the address bus is further divided into an IO 
address bus and a memory address bus and the data bus is 
further divided into a control data bus and a transfer data bus 
(hereinafter referred to as the data separate type bus struc 
ture). 
0005 The multiplexer type bus structure is used for 
Serially processing control and transfer of addresses and 
data, and the throughput attained by this structure is com 
paratively low but the area occupied by the bus (bandwidth) 
is Small. The demultiplexer type bus structure is used for 
processing control/transfer of addresses and control/transfer 
of data in parallel, and Since the parallel processing can be 
conducted, higher processing Speed is attained by this struc 
ture. 

0006 Furthermore, the data separate type bus structure, 
that is, the conventional Harvard type bus Structure, is used 
for processing control and transfer in parallel with respect to 
both addresses and data, and hence, the throughput is further 
higher. 
0007. In constructing a conventional large scale device 
Such as a System LSI, however, an appropriate method of 
constructing the Structure of an interface has not been 
established yet. Specifically, with respect to the bus structure 
alone, each of the known bus structures has both advantages 
and disadvantages, and a method of integrally evaluating the 
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buS Structure in relation to the operations of respective 
circuits has not been established yet. 
0008 Moreover, the scale of semiconductor integrated 
circuits is increasing. Therefore, in design of, for example, 
a device designated as a System LSI including a combination 
of plural Semiconductor circuits, a flexibly usable bus struc 
ture cannot be obtained in designing an interface by employ 
ing any of the conventional bus structures alone. 

SUMMARY OF THE INVENTION 

0009. An object of the invention is providing a design 
method for constructing an interface of a large Scale Semi 
conductor device Such as a System LSI and a bus structure 
and a database for use in the design method. 

0010. The bus structure of this invention for connection 
between a control circuit and plural circuits to be controlled 
in a Semiconductor integrated circuit, comprises an address 
buS divided into an upstream bus and a downstream bus, and 
a data bus divided into an upstream buS and a downstream 
bus. 

0011. According to this bus structure, restriction in con 
current instruction processing, for example, for transmitting 
a data to a given circuit to be controlled while transmitting 
another data to another circuit to be controlled, can be 
relaxed, resulting in improving the data processing capabil 
ity of a device using the bus structure. 

0012. In the bus structure, the data bus is preferably 
divided with respect to each of the plural circuits to be 
controlled and each divided portion of the data bus is 
preferably further divided into an upstream bus and a 
downstream bus. In this manner, the restriction in concurrent 
instruction processing can be further relaxed. 

0013 The database of this invention for use in design of 
a Semiconductor integrated circuit comprises a table includ 
ing description of kinds of bus structures for connection 
between a control function part and plural applications. 

0014. Accordingly, the database is applicable to design of 
an interface in which restriction in concurrent instruction 
processing, power, area and the like varied depending upon 
a bus structure can be comprehensively considered. 

0015. In the database, the table preferably includes a 
performance table describing a performance indeX for evalu 
ating performance attained by an operation model of each of 
the applications. In this manner, an interface can be con 
Structed through evaluation of the entire System. 

0016. In the database, the performance table preferably 
includes, as the performance index, at least one of param 
eters of throughput, a bus width, instruction quantity and 
memory size. In this manner, an interface can be constructed 
under consideration of parameters varied depending upon 
the type of bus structure. 
0017. In the database, the performance table preferably 
includes, as the description of kinds of bus structures, 
description of a separate type bus structure having an 
address bus divided into an upstream bus and a downstream 
buS and a data bus divided into an upstream buS and a 
downstream bus. In this manner, an interface can be con 
Structed by utilizing a novel bus Structure. 
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0.018. The first method of this invention of designing an 
interface for connection between a control function part of 
a Semiconductor integrated circuit and plural applications by 
using a database Storing plural libraries corresponding to 
operation models of the plural applications, comprises a step 
of analyzing a number of collisions of buS transaction 
through an operation Simulation where the applications are 
limitlessly operated by the control function part by Succes 
Sively using each of the plural libraries as the operation 
model of each of the plural applications. 
0019. In this method, an interface can be constructed 
under consideration of congestion caused in operating the 
applications and varied depending upon Selection of the 
libraries. 

0020. The first method of designing an interface can 
further comprise a step of generating FIFOS in a number of 
Stages according to the number of collisions of buS trans 
action, So that the number of collisions of bus transaction 
can be analyzed with the FIFOs virtually inserted between 
the applications. In this manner, an interface can be designed 
in consideration of performance attained by avoiding colli 
Sions of bus transaction. 

0021. The second method of this invention of designing 
an interface for connection between a control function part 
of a Semiconductor integrated circuit and plural applications 
by using a database Storing plural libraries corresponding to 
operation models of the plural applications, comprises a step 
of analyzing a number of concurrent instruction processing 
through operation simulation where the applications are 
limitlessly operated by the control function part by Succes 
Sively using each of the plural libraries as the operation 
model of each of the plural applications. 
0022. In this method, an interface can be designed con 
sidering how processing capability of the System attained by 
operating the applications is changed through Selection of 
the libraries. 

0023. In the second method of designing an interface, a 
Structure of a croSS bar bus is preferably determined in 
accordance with the number of concurrent instruction pro 
cessing. In this manner, an interface can be designed in 
consideration of performance attained by reducing the load 
of the control function part and dispersing a current value. 
0024. The second method of designing an interface can 
further comprise a step of generating a transfer operation 
control function part to be disposed in a bus where the 
number of concurrent instruction processing is larger than a 
predetermined value, So that the number of concurrent 
instruction processing can be analyzed with the transfer 
operation control function part disposed in the bus. In this 
manner, an interface can be designed in consideration of 
performance attained when transfer operations can be con 
ducted in parallel. 
0.025 The third method of this invention of designing an 
interface for connection between a control function part of 
a Semiconductor integrated circuit and plural applications by 
using a database Storing plural libraries corresponding to 
operation models of the plural applications and plural bus 
Structures, comprises the steps of (a) setting plural main 
parameters for ultimately evaluating the Semiconductor inte 
grated circuit and Setting plural Sub-parameters affecting 
each of the main parameters; (b) selecting library groups 
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where the main parameters meet target values by evaluating 
each of the main parameters on the basis of the Sub 
parameters of each of the libraries; and (c) determining an 
interface by Selecting an optimal library group by evaluating 
plural main parameters determined with respect to each of 
the Selected library groups. 

0026. In this method, as compared with a method where 
the performance is evaluated based on all the parameters at 
a time, optimal libraries can be selected more integrally, So 
as to ultimately determine an optimal interface. 
0027. The third method of designing an interface can 
further comprise, before the step (a), a step of conducting 
operation Simulation by Successively using each of the plural 
libraries as an operation model of each of the plural appli 
cations. Thus, an optimal interface can be more accurately 
determined. This method can be specifically carried out by 
any of the following: 

0028 For example, in the step (a), three main parameters 
are set and three Sub-parameters are Set with respect to each 
of the three main parameters; in the Step (b), a three 
dimensional coordinate System having the three Sub-param 
eters as coordinate axes is built for Selecting a library group 
where an area of a triangle determined according to values 
of the Sub-parameters is Smaller than a target value; and in 
the step (c), a three-dimensional coordinate System having 
the three main parameters as coordinate axes is built for 
determining the interface based on a library group where an 
area of a triangle determined according to values of the main 
parameters obtained from the Selected library groups is 
minimum. 

0029. Alternatively, the method can further comprise, 
after the step (a) and before the Step (b), a step of Selecting 
a library group where a specific Sub-parameter noticed 
among the plural Sub-parameters meets a target value, and in 
the Step (b), a library group where main parameters exclud 
ing a Specific parameter among the plural main parameters 
meet target values is selected, and in the Step (c), a library 
group where the Specific main parameter is minimum is 
Selected as the optimal library group. 

0030) Further alternatively, in the step (a), affecting coef 
ficients of the plural Sub-parameters affecting the main 
parameters are respectively set; in the Step (b), a library 
group where the main parameters meet target values is 
Selected on the basis of the affecting coefficients and values 
of the Sub-parameters; and in the Step (b), plural main 
parameters obtained from the Selected library groups are 
weighted before Selecting the library group where the main 
parameters meet the target values. 

0031. The fourth method of this invention of designing an 
interface for connection between a control function part of 
a Semiconductor integrated circuit and plural applications by 
using a database Storing plural libraries corresponding to 
operation models of the plural applications and plural bus 
Structures, comprises the steps of (a) Successively selecting 
each of the plural libraries as the operation model of each of 
the plural applications; (b) operating the plural applications 
by the control function part, whereby analyzing perfor 
mances of the control function part, an interface and the 
applications attained by using each of the libraries; (c) 
repeatedly conducting the steps (a) and (b), whereby deter 
mining an interface by Selecting an optimal library group on 
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the basis of results of the analysis; and (d) Synthesizing an 
optimal interface on the basis of the determined parameters. 
0032. In this method, an optimal interface can be syn 
thesized based on performance evaluation of the entire 
System attained by operating the respective applications. 
Thus, a basic interface design method can be established. 
0033. In the fourth method of designing an interface, in 
the step (b), a number of collisions of bus transaction 
occurring by limitlessly operating the applications by the 
control function part is preferably analyzed with respect to 
each of the libraries, and in the step (d), FIFOs in a number 
of Stages according to the number of collisions of bus 
transaction are preferably inserted between the applications. 
0034. In the fourth method of designing an interface, in 
the Step (b), a number of concurrent instruction processing 
occurring by limitlessly operating the applications by the 
control function part is preferably analyzed with respect to 
each of the libraries, and in the step (d), a cross bar bus is 
preferably disposed in a bus where the number of concurrent 
instruction processing is larger than a predetermined value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.035 FIG. 1 is a block diagram for schematically show 
ing Structural differences among conventional Neumann 
architecture type bus structures, a conventional Harvard type 
bus Structure and a novel Harvard type bus structure accord 
ing to Embodiment 1 of the invention; 
0036 FIGS. 2(a), 2(b) and 20c) are diagrams for showing 
examples of a conventional bus structure and direction 
Separate type bus structures (employed when a tertiary 
Station is provided and no tertiary station is provided) of 
Embodiment 1, respectively; 
0037 FIGS. 3(a), 3(b), 3(c) and 3(d) are diagrams for 
showing processing of addresses and data on time base in a 
Neumann multiplexer type bus Structure, a Neumann demul 
tiplexer type bus structure, a Harvard data separate type bus 
Structure and the direction Separate type bus structure of 
Embodiment 1; 
0.038 FIG. 4 is a block diagram of a resource separate 
type bus Structure of Embodiment 1 in which a target 
resource A is a memory and target resources B and C are 
IOS; 
0039 FIGS. 5(a) and 5(b) are diagrams for showing 
examples of a library and a performance table of unit 
applications A and B Stored in a design database according 
to Embodiment 2; 
0040 FIG. 6 is a block diagram for showing an example 
of a method of conducting operation simulation by using 
plural applications in Embodiment 2, 
0041 FIG. 7 is a diagram for showing a method of 
displaying transaction analysis, that is, one performance 
analysis of Embodiment 2; 
0.042 FIG. 8 is a diagram for showing a method of 
displaying instruction processing analysis, that is, another 
performance analysis of Embodiment 2, 
0043 FIGS. 9(a) and 9(b) are diagrams for showing part 
of a bus structure resulting from providing a croSS barbus in 
a portion where a large number of concurrent instructions 
occur in Embodiment 2; 
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0044) FIGS. 10(a), 10(b), 10(c) and 10(d) are diagrams 
for showing procedures in Selecting a library with a mini 
mum croSS area from libraries whose parameters meet target 
values, 

0.045 FIGS. 11(a), 11(b), 11(c) and 11(d) are diagrams 
for showing procedures in weighting a performance index, 
an average power index (or a maximum power index) and an 
area index, Summing up the indexes to obtain a Sum as an 
optimal indeX and Selecting a library with a Smallest optimal 
index; 
0046 FIG. 12 is a block diagram for showing the struc 
ture of an optimal IF Synthesized by a method of designing 
an interface of Embodiment 2; and 
0047 FIG. 13 is a flowchart for showing procedures in 
System design including the Synthesis of an optimal IF 
according to Embodiment 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiment 1 

0048 FIG. 1 is a block diagram for schematically show 
ing Structural differences among conventional Neumann 
architecture type bus structures, a conventional Harvard type 
buS Structure and a novel Harvard type bus structure accord 
ing to this embodiment. 
0049. The Harvard type bus structure of this embodiment 
may be designated as a “direction Separate type bus struc 
ture', which is obtained by further Separating transferred 
data to be processed in the data separate type bus structure. 
In the direction Separate type bus Structure, assuming that 
target resources (circuits to be controlled) are placed around 
a processor (control circuit) at the center, the directions of 
Sending transferred data are divided into an “up' direction 
and a "down” direction, and also the transferred data Sent to 
the circuits to be controlled may be divided into a memory 
data and an IO data. Herein, a control data is a data on 
control of, for example, recognition and response, and a 
transferred data is a batch of data Such as an image file data. 
0050 FIG. 2(a) is a diagram of a conventional bus 
structure. As is shown in FIG. 2(a), merely one bus is 
provided between a CPU and a target resource (i.e., a 
primary Station IO in this drawing) in the conventional bus 
Structure. 

0051. In contrast, in the direction separate bus type 
Structure of this embodiment, communication between a 
processor (CPU) and a primary station is carried out sepa 
rately between an upstream bus and a downstream bus as is 
shown in FIGS. 2(b) and 20c). FIG. 2(b) is a diagram for 
showing a direction Separate type bus structure employed 
when Secondary and tertiary Stations communicate with the 
CPU respectively through primary stations, and FIG.2(c) is 
a diagram for showing a direction Separate type bus structure 
employed when the tertiary station of FIG. 2(b) is not 
present. 

0.052 FIGS. 3(a) through 3(d) are diagrams for showing 
processing of addresses and data on time base in the Neu 
mann multiplexer type bus structure, the Neumann demul 
tiplexer type bus structure, the Harvard data separate type 
bus structure and the direction Separate type bus structure, 
respectively. 
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0053. In the multiplexer type bus structure, as is shown in 
FIG. 3(a), addresses and data are serially processed along 
one line in a Sense. For example, when a given command is 
to be generated for a target resource A, a control address of 
the target resource A is Specified, a control data for the target 
resource A is sent, an address for transferring a data to the 
target resource A is sent, and then a transferred data is sent 
to the target resource A. Also in generating a command for 
a target resource B, Similar procedures are Serially carried 
Out. 

0054. In the demultiplexer type bus structure, as is shown 
in FIG.3(b), addresses and data are processed in parallel. 
For example, when a given command is to be generated for 
a target resource A, a control data for the target resource A 
is Sent while Specifying a control address of the target 
resource A, and a transferred data is sent to the target 
resource A while Sending an address for transferring the data 
to the target resource A. Also in generating a command for 
a target resource B, Similar procedures are carried out in 
parallel. 
0055. In the data separate type bus structure, as is shown 
in FIG.3(c), a control address, a transfer address, a control 
data and a transferred data are processed in parallel. For 
example, when a given command is to be generated for a 
target resource A, Specification of a control address of the 
target resource A, transmission of a control data to the target 
resource A, transmission of an address for Sending a data to 
the target resource A and transmission of the transferred data 
to the target resource A are carried out in parallel. Also in 
generating a command for a target resource B, Similar 
procedures are carried out in parallel. 
0056. In the data separate type bus structure, as is shown 
in FIG.3(d), not only a control address, a transfer address, 
a control data and a transferred data are processed in parallel 
but also transmission of the addresses and the data is carried 
out in parallel Separately between the up direction and the 
down direction. For example, when given commands are to 
be generated for target resources A, B and C, an up address 
or a down address is specified in Specifying control 
addresses of the target resources A, B and C. When the up 
address is specified, a transfer address and a transferred data 
in the up direction (for example, for the target resources. A 
and C) are sent through the upstream bus, and when the 
down address is Specified, a transfer address and a trans 
ferred data in the down direction (for example, for the target 
resources B and A) are sent through the downstream bus. In 
other words, transmission of transfer addresses and trans 
ferred data can be carried out independently of Specification 
of control addresses and transmission of control data. 

0057 For example, it is assumed, in the bus structure of 
FIG. 2(b), that a primary Station IO 1 is a target resource A, 
a primary Station IO 2 is a target resource B and a Secondary 
Station is a target resource C. In this case, in Specifying an 
address of the target resource A (i.e., the primary Station IO 
1), the specified address of the target resource A is not input 
to the target resource B (i.e., the primary station IO 2), and 
hence, while a transferred data is being Sent to the target 
resource A with the transfer address of the target resource A 
Specified, another transferred data can be sent to the target 
resource B with a transfer address of the target resource B 
Specified. Furthermore, a data can be output (sent in the 
down direction) as Soon as the data is input (Sent in the up 
direction). 
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0058 FIG. 4 is a block diagram for showing a resource 
Separate type bus Structure employed when a target resource 
A is a memory and target resources B and C are IOS. While 
the CPU is receiving a data input from the target resource C 
(i.e., the IO 2) and storing the data in the target resource A 
(i.e., the memory), the CPU can send a data to the target 
resource B (i.e., the IO 1) at the same time. 
0059. Accordingly, in the conventional data separate type 
buS Structure, time required for data transfer is, as is shown 
in FIG. 3(d), obtained by serially summing up times 
required for data transfer A, data transfer B, data transfer C 
and data transfer A (and the same can be said with respect 
to time required for data transfer A, B and C and address 
transfer A). In contrast, in the direction Separate type bus 
Structure of this embodiment, time required for data transfer 
can be shortened as shown in FIG.3(d). This is because, by 
Separately providing the upstream bus and the downstream 
bus, the transmission of transfer addresses and transferred 
data in the up direction to the target resources A and C and 
the transmission of transfer addresses and transferred data in 
the down direction to the target resources B and A can be 
Simultaneously carried out. 

Embodiment 2 

0060 A design method for an IF (interface) including a 
buS Structure according to Embodiment 2 of the invention 
will now be described. Procedures for designing an optimal 
IF are as follows: 

0061 
0062 First, data necessary for performance analysis 
(library models) will be described. It is necessary to create 
an operation model with respect to each unit application. AS 
an exemplified method of creating an operation model, an 
operation model is basically created by using Software, and 
it is determined, with respect to each operation model, what 
percentages are created by using hardware. A unit applica 
tion is defined by the input/output relationship of one 
application and is not defined in the range. Examples of the 
unit application are a transfer operation of print data by 
using IrDA, transfer of the positional data of a mouse by 
using a USB, and compression and decompression of Still 
image data by using JPEG. In using an application for data 
transfer using infrared communication designated as 
“IrDA', data for printing should be previously processed on 
a computer Side. For example, the data is compressed by 
JPEG for compressing a still image, the format is converted 
for expressing the data as infrared, and then the data is 
transferred by the infrared communication. In this case, a 
unit application herein corresponds to processing prescribed 
by the input and the output of the application designated as 
IrDA excluding the processing prior to the infrared commu 
nication (IrDA). 

-Data to be Prepared 

0063. The processing time is varied depending upon 
whether an operation model is created by using hardware or 
Software. In this embodiment, it is determined which part of 
an operation model is created by using hardware or Software 
on the basis of a portion where respective layers are divided 
more or less definitely in expression of one protocol. 

0064 FIGS. 5(a) and 5(b) are diagrams for showing 
examples of a library and a performance table of unit 
applications A and B Stored in a design database. When it is 
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assumed, for example, that there are libraries A and B at 
Specification level for the applications A and B, respectively, 
performance tables corresponding to operation models 
describing operations attained by employing, as the CPU 
(bus structure), the Neumann architecture type CPU (bus 
structure), the conventional Harvard type CPU (bus struc 
ture) and the direction separate type CPU (bus structure) are 
registered with respect to each of the applications A and B 
as shown in FIGS. 5(a) and 5(b). In each performance table 
of each library, the performance index of the library is 
expressed as a function of parameters of throughput (P), a 
bus width (B), instruction quantity (M) and memory size 
(E). 
0065. In FIGS. 5(a) and 5(b), hatched portions in the 
description of the operations of the libraries are realized by 
using Software and portions without hatching are realized by 
using hardware. When it is assumed, in the application A, 
that the performance index is 100 when all the functions are 
realized by using Software, the performance indeX is, for 
example, 50 if 40% of the functions are realized by using 
hardware and remaining 60% of the functions are realized 
by using software, and the performance index is 10 if 60% 
of the functions are realized by using hardware. The per 
formance tables are thus prepared So as to show the perfor 
mance indexes attained by replacing what percentage of 
Software with hardware. 

0066. In the functions of the operation model, “FLOW' 
corresponds to a layer for describing a flow of procedures, 
Such as, for example, when processes a and b are to be 
conducted, “the process a is followed by the process b”. 
Also, “MANG” corresponds to a layer for describing a 
method of managing communication between applications, 
Such as, for example, when different file transfer applica 
tions are connected to each other, multiplexers of data 
eXchange necessary for the applications. Furthermore, 
“LINK' corresponds to a layer for defining procedures in 
linkage, for example, for allowing one information data to 
be recognized as a data Surrounded by a Series of data Such 
as a Sync bit, a control data, a MAC data and an ending. 
Moreover, “PHY' corresponds to a layer for defining an 
actual coding method, for example, when “1” is to be 
expressed, for determining whether or not “1” is expressed 
at a given pulse width or at the center of a given pulse width. 
Also, “CAL corresponds to a layer for indicating, for 
example, in arithmetic processing, whether the calculation 
processing (such as multiplication) is carried out by using 
hardware or Software. 

0067 Furthermore, it is necessary to take it consideration 
that when processing is carried out by using Software, high 
performance is required but the performance may be lower 
by utilizing hardware to Some extent. Although the perfor 
mance tables as shown in FIGS. 5(a) and 5(b) are prepared 
with respect to a large number of applications, FIGS. 5(a) 
and 5(b) merely exemplify the applications A and B. 

0068) 
0069 FIG. 6 is a block diagram for showing an example 
of a method of conducting operation simulation by using 
plural applications. Herein, it is assumed that a library 
realized by using software by 100% is used for an applica 
tion A, that a library realized by using hardware by 20% is 
used for an application B and that a library realized by using 

-Operation Simulation 

Nov. 3, 2005 

hardware by 40% is used for an application C, so as to 
analyze the performance in transfer processing of these three 
applications. 

0070. At this point, in the connection shown in FIG. 6, a 
portion for counting inputs and outputs (input/output count 
part) and a portion for counting instruction processing 
(instruction count part) are described in the operation analy 
sis Simulation. For example, when the applications A, B and 
C are connected to a transfer processing ile (System opera 
tion control), the input/output count part counts the number 
of collisions of input/output between the processor and 
respective circuits (collisions of bus transaction) occurring if 
the transfer processing is carried out without any manage 
ment. In other words, the input/output count part measures 
the congestion of buses. Also, it counts the number of 
instruction processing including the collisions. 
0071 FIG. 7 is a diagram for showing a method of 
displaying transaction analysis in this performance analysis. 
As is shown in FIG. 7, with respect to each of the applica 
tions A, B and C and with respect to each of the cases of 
employing the library of the Neumann architecture type bus 
Structure (demultiplexer type), the library of the conven 
tional Harvard type bus structure (data separate type) and the 
library of the direction Separate type bus structure, the 
transaction densities between the applications A and B, the 
applications B and C and the applications A and C measured 
by the input/output count part are arranged on processing 
time base. In FIG. 7, a higher hatching density indicates a 
larger number of collisions. In employing the Neumann 
architecture type bus Structure, the number of collisions is 
unavoidably large when parallel processing is carried out. In 
contrast, in employing the direction Separate type bus struc 
ture, the number of collisions is comparatively Small 
because parallel processing can be easily carried out in this 
structure. Then, a FIFO is inserted into a portion where a 
large number of collisions occur. For example, in employing 
the Neumann architecture type bus structure, k Stages (for 
example, ten stages) of FIFOs are inserted between the 
applications A and B, 1 stages (for example, eight stages) of 
FIFOs are inserted between the applications B and C, and 1 
Stages of FIFOs are inserted between the applications A and 
C. Alternatively, in employing the conventional Harvard 
(data separate type) bus structure, l stages of FIFOs are 
inserted between the applications A and B, m stages (for 
example, six stages) of FIFOs are inserted between the 
applications B and C, and m stages of FIFOs are inserted 
between the applications A and C. Furthermore, in employ 
ing the direction Separate type bus structure, n stages (for 
example, four stages) of FIFOs are inserted between the 
applications A and B, in Stages of FIFOs are inserted between 
the applications B and C and n stages of FIFOs are inserted 
between the applications A and C. It is necessary to Store 
information in FIFOs during the processing of the CPU, and 
the number of stages of FIFOs to be inserted is analyzed in 
accordance with the congestion of the bus. It goes without 
saying that the number of stages of FIFOs to be inserted is 
Smaller as the number of collisions of the bus transaction is 
Smaller. In this manner, in accordance with each bus struc 
ture, namely, the structure of each bus connected to the CPU, 
the number of stages of FIFOs to be inserted is determined. 
0072 FIG. 8 is a diagram for showing a method of 
displaying the instruction processing analysis in this perfor 
mance analysis. As is shown in FIG. 8, with respect to each 
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of the applications A, B and C and with respect to each of 
the cases of employing the library of the Neumann (demul 
tiplexer type) bus structure, the library of the conventional 
Harvard (data separate type) bus structure and the library of 
the direction Separate type bus Structure, concurrent instruc 
tion densities between the applications A and B, the appli 
cations B and C and the applications A and C measured by 
the instruction count part are arranged on processing time 
base. In FIG. 8, a higher hatching density indicates a larger 
number of concurrent instructions, namely, higher through 
put of the entire System. In employing the Neumann archi 
tecture type bus structure, the number of concurrent instruc 
tions is Small. In contrast, in employing the direction 
Separate type bus structure, the number of concurrent 
instructions is comparatively large. When the number of 
concurrent instructions is larger, the processing time is 
Shorter and the response Speed is higher, but on the contrary, 
there arises a problem that the load of the CPU is larger and 
an instant current value is larger. 

0073 FIGS. 9(a) and 9(b) are diagrams for showing part 
of a bus structure in which a croSS bar bus is provided in a 
portion here a large number of concurrent instructions occur. 
As is shown in FIG. 9(a), when the CPU has a reserve in its 
function, a portion not generally used is provided with a 
transfer function of the application B and the CPU controls 
Switching of the cross bar bus. Alternatively, as is shown in 
FIG. 9(b), when the CPU does not have a reserve or the like, 
a DMA is provided. The DMA (direct memory access) has 
a transfer function to allow direct data transfer between an 
input/output controller and a main Storage not through the 
CPU. In other words, the CPU does not control all the 
processing but a croSS bar bus having a Switching function 
is provided and the function of the DMA is utilized, and the 
croSS bar bus is Switched So that, for example, the applica 
tion A can be processed by the CPU and the application B 
can be processed by the DMA. In this manner, the load of the 
CPU can be reduced and a current value can be dispersed. 
This newly added element may be a CPU instead of the 
DMA as far as it has a transfer function. In this case, 
attention should be paid to a portion where the largest 
number of concurrent instructions occur, So as to determine 
whether no croSS bar bus is provided, a Single croSS bar bus 
is provided or a double crossbar bus is provided on the basis 
of the maximum number of concurrent instructions occur 
ring in employing a given type of CPU. 

0.074 -Analysis Index 

0075) Next, a method of selecting the optimal perfor 
mance among the performances obtained as a result of the 
aforementioned analyses will be described. The most Sig 
nificant parameters for evaluating a System are herein des 
ignated as main parameters, and it is herein assumed that the 
main parameters are performance, power and area. In con 
sideration of three Sub-parameters affecting each of these 
main parameters as a whole, a library group with the main 
parameters respectively falling within target ranges is first 
Selected. Then, on the basis of the values of the main 
parameters of the Selected library group, an optimal library 
group is comprehensively Selected. 
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0076. The optimal library group is specifically selected 
by any of the following methods: 
0.077 1. Method for Selecting Libraries with Minimum 
CrOSS Area: 

0078 FIGS. 10(a) through 10(d) are diagrams for show 
ing procedures in a method for Selecting a library with a 
minimum croSS area among libraries having Satisfactory 
parameterS. 

0079 First, as is shown in FIG. 10(a), the number of 
collisions of buS transaction, the processing quantity and the 
response time are Set as the three Sub-parameters affecting 
the main parameter, “performance', and a three-dimensional 
coordinate System having these Sub-parameters as the coor 
dinate axes is built. The values of the three Sub-parameters 
are obtained on the basis of the analysis resulting from the 
operation Simulation conducted by using the libraries cor 
responding to the operation models of the respective appli 
cations. The values are uniquely defined depending upon, 
for example, whether the Neumann architecture type bus 
Structure, the conventional Harvard type bus structure or the 
direction Separate type bus structure is employed for each of 
the unit applications A, B and C connected to the CPU, and 
what percentages of the operation of each application is 
realized by using hardware. For example, on the basis of the 
analysis results shown in FIGS. 7 and 8, the number of 
collisions of bus transaction and the processing time are 
obtained. At this point, the worst value or the average value 
of the number of collisions of transaction between respective 
IOS, the average value in the entire System or the average 
value in a given Section can be determined as transaction T. 
The execution (simulation) time required in conducting the 
data analysis as shown in FIGS. 7 and 8 is determined as 
response time R. The execution processing quantity (Sum) 
required in conducting the analysis of FIGS. 7 and 8 is 
determined as processing quantity E. 
0080. The performance of a system LSI is higher as the 
buS transaction T is Smaller, the processing quantity E is 
smaller and the response time R is shorter. Therefore, the 
main parameter, performance, is better as the croSS area in 
the three-dimensional coordinate System is Smaller. Accord 
ingly, a library group in which a croSS area between the 
coordinate axes of the coordinate System and a plane formed 
by linking respective values (values of the Sub-parameters) 
on the coordinate axes is Smaller than a given target value is 
Selected. This croSS area may be relatively regarded as the 
value of “performance”. 

0081. Also, as is shown in FIG. 10(b), the processing 
quantity E, a hardware ratio H and a concurrent active 
density Aare determined as the three Sub-parameters affect 
ing the main parameter, "power', and a three-dimensional 
coordinate System having the three Sub-parameters as the 
coordinate axes is built. The hardware ratio H corresponds 
to the percentages of hardware in each operation model 
shown in FIG. 6. The concurrent active density A corre 
sponds to the ratio of concurrently activated buses obtained 
in the analyses of FIGS. 7 and 8. In this case, the power can 
be Smaller as the processing quantity E is Smaller, the 
hardware ratio His Smaller and the concurrent active density 
A is Smaller. Therefore, the main parameter of power is 
better as the croSS area in the three-dimensional coordinate 
System is Smaller. Accordingly, a library group in which a 
croSS area between the coordinate axes of the coordinate 
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System and a plane formed by linking respective points 
(values of the Sub-parameters) on the coordinate axes is 
Smaller than a given target value is Selected. This croSS area 
may be relatively regarded as the value of “power”. In this 
case, evaluation can be made based on either the peak value 
of power or the average value of power. 

0082 Furthermore, as is shown in FIG. 10(c), a neces 
sary bus width B, necessary memory size M and the FIFO 
quantity F of FIFOs to be inserted are determined as the 
three Sub-parameters affecting the main parameter, “area 
(cost)', and a three-dimensional coordinate System having 
the Sub-parameters as the coordinate axes is built. The bus 
width B corresponds to the total width of buses in the bus 
structure of each operation model of FIG. 6. The memory 
Size M corresponds to memory size used in each operation 
model of FIG. 6. The FIFO quantity F corresponds to the 
sum of stages of FIFOs determined as a result of the analyses 
of FIGS. 7 and 8. In this case, the main parameter of area 
is better as the bus width B is smaller, the memory size M 
is smaller and the FIFO quantity F is smaller. Accordingly, 
a library group in which a croSS area between the coordinate 
axes of the coordinate System and a plane formed by linking 
respective points (values of the Sub-parameters) on the 
coordinate axes is Smaller than a given target value is 
Selected. This croSS area may be relatively regarded as the 
value of “area'. 

0083) Then, as is shown in FIG. 10(d), a three-dimen 
Sional coordinate system having the main parameters, 
namely, performance, power and area, as the coordinate axes 
is built. Thereafter, a library group in which a croSS area 
(area of a triangle) between the coordinate axes and a plane 
formed by linking values of the main parameters determined 
based on the library groups Selected through the procedures 
of FIGS. 3(a) through 3(c), namely, the values of perfor 
mance, power and area (the cross areas of FIGS. 10(a) 
through 10(c), is minimum is selected. Then, an interface 
determined based on the Selected library group is determined 
as the optimal interface. 
0084 2. Method for Selecting Libraries with Laying 
Stress on Specific Parameters: 
0085 For example, on the basis of the analysis results 
shown in FIGS. 7 and 8, a library with a sub-parameter of 
buS transaction Smaller than a predetermined value is 
Selected among libraries having Satisfactory response time 
as another Sub-parameter, a library with a Sub-parameter of 
processing quantity Smaller than a predetermined value is 
Selected among libraries having Satisfactory response time 
as another Sub-parameter, a library with a Sub-parameter of 
bus width Smaller than a predetermined value is Selected 
among libraries having Satisfactory memory size as another 
Sub-parameter, and a library with a Sub-parameter of bus 
width Smaller than a predetermined value is Selected among 
libraries having satisfactory FIFO quantity as another sub 
parameter. 

0.086 Then, among the libraries selected as described 
above, optimal libraries are comprehensively Selected on the 
basis of the following points. The optimal libraries are 
variously Selected depending upon the kind or the like of a 
circuit device to be designed as follows: 

0.087 First, from the selected libraries, libraries whose 
main parameters of performance and power meet target 
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minimum performance and target maximum power are 
Selected. Then, among the thus Selected libraries, a library 
group whose main parameter of area is Smallest is Selected 
as the optimal library group. 

0088 Secondly, from the selected libraries, libraries 
whose main parameters of performance and power meet 
target minimum performance and target maximum power 
are Selected. Then, among the thus Selected libraries, a 
library group whose main parameter of average power is 
Smallest is Selected as the optimal library group. 

0089. Thirdly, from the selected libraries, libraries whose 
main parameters of area and maximum power meet target 
maximum area and target maximum power are Selected. 
Then, among the thus Selected libraries, a library group 
whose main parameter of performance is Smallest is Selected 
as the optimal library group. 

0090 Fourthly, from the selected libraries, libraries 
whose main parameter of area and maximum power meet 
target maximum area and target maximum power are 
Selected. Then, among the thus Selected libraries, a library 
group whose main parameter of average power is Smallest is 
Selected as the optimal library group. 

0091) 3. Method for Selecting Libraries by Using 
Weighted Indexes: 

0092. In this method, as is shown in FIGS. 11(a) through 
11(d), a performance indeX X of the main parameter of 
performance, an average power index yav (or a maximum 
power index ymx) of the main parameter of power and an 
area index Z of the main parameter of area are respectively 
weighted by a, b and c, and the resultants are Summed up to 
obtain a total value as an optimal indeX. Then, a library 
having a Smallest optimal indeX is Selected. 

0093. In this case, the performance index X is calculated 
as follows: As is shown in FIG. 11(a), the response time R 
and its performance affecting coefficientl, the bus transac 
tion T and its performance affecting coefficient m, and the 
processing quantity E and its performance affecting coeffi 
cient n are respectively calculated. Then, the performance 
index X is calculated by the following formula: 

Performance index x=RixTnxEn 

0094. The performance affecting coefficient l of the 
response time is “1” when the response time is, for example, 
1 Second. In other words, when the response time is 3 
Seconds, the performance affecting coefficient l of the 
response time is “3”. The performance affecting coefficient 
m of the bus transaction is “1” when 10 collisions occur. In 
other words, when 20 collisions occur, the performance 
affecting coefficient m of the bus transaction is “2”. The 
performance affecting coefficient n of the processing quan 
tity is “1” when the processing quantity is 10 MIPS (wherein 
1 MIPS corresponds to million instructions). In other words, 
when the processing quantity is 50 MIPS, the performance 
affecting coefficient n of the processing quantity is “5”. 

0095 The power index y is calculated as follows: As is 
shown in FIG. 11(b), average processing quantity Eav (or 
maximum processing quantity Emx) and its power affecting 
coefficient ly, the hardware ratio H and its power affecting 
coefficient my, and average concurrent active ratio Aav (or 
a maximum concurrent active ratio Amx) and its power 
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affecting coefficient n are respectively calculated. Then, the 
power indeX y is calculated by the following formula: 

Power index y=EavlyxHmyxAavny or =EmxlyxHmyx 
Amxny 

0096) The power affecting coefficient l of the average 
processing quantity (or the maximum processing quantity) is 
“1” when the processing quantity is, for example, 10 MIPS. 
The power affecting coefficient my of the hardware ratio is 
“1” when the hardware ratio is 20%. In other words, when 
the hardware ratio is 40%, the power affecting coefficient my 
of the hardware ratio is “2”. The power affecting coefficient 
ny of the average concurrent active ratio (or the maximum 
concurrent active ratio) is “1” when the concurrent active 
ratio is 25%. In other words, when the concurrent active 
ratio is 10%, the power affecting coefficient n of the average 
concurrent active ratio is "0.5”. 

0097. The area index Z is calculated as follows: As is 
shown in FIG. 11(b), the memory size M and its area 
affecting coefficient 1, the FIFO quantity F and its area 
affecting coefficient m, and the bus width B and its area 
affecting coefficient n, are respectively calculated. Then, 
the area index Z is calculated by the following formula: 

Area index z=Mix FinxBn, 
0098. The area affecting coefficient l of the memory size 
is “1” when the memory size is, for example, 1 kByte. In 
other words, when the memory size is 10 kBytes, the area 
affecting coefficient l of the memory size is “10”. The area 
affecting coefficient m of the FIFO quantity is “1” when the 
FIFO quantity is 128 bytes. In other words, when the FIFO 
quantity is 256 bytes, the area affecting coefficient m, of the 
FIFO quantity is “2”. The area affecting coefficient n of the 
bus width is “1” when the bus width is 16 bits. In other 
words, when the bus width is 8 bits, the area affecting 
coefficient n of the bus width is “0.5”. 
0099] Then, as is shown in FIG.11(d), with respect to the 
performance indeX X, the power indeX y and the area index 
Z calculated as described above, affecting coefficients 
(weighting coefficients) a, b and c are respectively deter 
mined, and the resultants are Summed up to obtain an 
optimal index. Specifically, the optimal index Op is calcu 
lated by the following formula: 

Optimal index Op=ax+by--cz 

0100. Then, a library having a smallest optical index Op 
is ultimately Selected. 
01.01 
0102 FIG. 12 is a block diagram for showing the struc 
ture of an optimal IF Synthesized through the aforemen 
tioned procedures. In a bus Structure Selected based on the 
aforementioned analysis indexes, FIFOs are inserted into 
necessary portions, So as to construct a bus Structure capable 
of concurrent processing. In FIG. 12, a portion Surrounded 
with a dotted-and-dashed line excluding the DMA corre 
sponds to the IF (interface). Specifically, the bus structure 
including a data bus, a control bus, a croSS bar bus and the 
like and the inserted FIFOs together form the IF for con 
necting hardware of the libraries A, B and C, the CPU 
(operation model) and a storage device (Such as a RAM and 
a ROM). 
0103 FIG. 13 is a flowchart for showing procedures in 
System design including the Synthesis of an optimal IF 
described in this embodiment. 

-Synthesis of Optimal IF - 
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0104 First, libraries A, B and C similar to those shown in 
FIGS. 5(a) and 5(b), and the Harvard type bus structure, the 
Neumann (demultiplexer type) bus structure, the direction 
Separate type bus structure and the like are Stored as the 
database. 

0105 Then, a bus structure is selected for a selected 
library in Step ST1, and a System connection diagram, a 
transfer processing file, a new library and the like are input 
in step ST2. 
0106 Next, in step ST3, transaction and instruction pro 
cessing are analyzed. At this point, the transaction analysis 
shown in FIG. 7 and the instruction processing analysis 
shown in FIG. 8 are carried out through the operation 
simulation shown in FIG. 6, So as to determine the number 
of stages of FIFOs to be inserted and to provide a necessary 
croSS bar bus. 

0107 Then, in step ST4, the analysis index is determined 
by, for example, any of the aforementioned three methods 
(shown in FIGS. 10(a) through 10(d) and 11(a) through 
11(d). By repeating the procedures of steps ST1 through 
ST4, a System having a Smallest optimal indeX Op is 
selected. In steps ST3 and ST4, performance evaluation of 
both hardware and software (HW/SW performance evalua 
tion) is conducted. 
0108) Next, in steps ST5 through ST7, the optimal system 
is divided between hardware and software. Specifically, an 
optimal IF is synthesized in step ST5, and a system con 
nection diagram as shown in FIG. 12 is generated in Step 
ST6. On the other hand, in step ST7, software (conditions) 
Such as an application, flow control and OS (operation 
System) is selected. 
0109 Ultimately, in step ST8, coordination between 
hardware and software is verified. Specifically, it is verified 
whether or not Software can Satisfactorily function by using 
hardware. 

0110. In the design method for an interface of this 
embodiment, operation simulation is conducted by using a 
library corresponding an operation model registered with 
respect to each bus structure and each application. On the 
basis of Sub-parameters and main parameters obtained as a 
result of the operation simulation, the performance of the 
entire System connected through the interface can be accu 
rately evaluated in an environment close to actual use. Then, 
on the basis of the evaluation, an interface most Suitable to 
requirement of a designer can be Selected, So as to construct 
the entire System. 

1. AbuS Structure for connection between a control circuit 
and plural circuits to be controlled in a Semiconductor 
integrated circuit, comprising: 

an address bus divided into an upstream buS and a 
downstream bus, and 

a data bus divided into an upstream bus and a downstream 
bus. 

2. The bus structure of claim 1, 

wherein said data bus is divided with respect to each of 
Said plural circuits to be controlled and each divided 
portion of said data bus is further divided into an 
upstream bus and a downstream bus. 
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3. A database for use in design of a Semiconductor 
integrated circuit comprising: 

a table including description of kinds of bus structures for 
connection between a control function part and plural 
applications. 

4. The database of claim 3, 

wherein Said table includes a performance table describ 
ing a performance indeX for evaluating performance 
attained by an operation model of each of Said appli 
cations. 
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5. The database of claim 4, 
wherein Said performance table includes, as Said perfor 

mance index, at least one of parameters of throughput, 
a bus width, instruction quantity and memory size. 

6. The database of claim 3, 
wherein Said performance table includes, as the descrip 

tion of kinds of bus structures, description of a separate 
type bus Structure having an address bus divided into an 
upstream buS and a downstream bus and a data bus 
divided into an upstream bus and a downstream bus. 

7-19. (canceled) 


