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I START I-—302 

Method, system and signal bearing medium for con?guring 
an integrated circuit are provided. One embodiment pro 
vides a method for con?guring an integrated circuit, com 
prising: providing a user interface for displaying one or 
more abstract data elements for user selection, Wherein the 
one or more abstract data elements represent one or more 

controls associated With characteristics of the integrated 
circuit; receiving a user selection of an abstract data ele 
ment; validating associated abstract rules for the user 
selected abstract data element; and validating product rules 
for the one or more product data elements associated With 
the user selected abstract data element, Wherein the one or 
more product data elements represent one or more control 
lable features of the integrated circuit. 

RECEIVE USER INPUT I'_305 

I INPUT DATA VALIDATION AT ABSTRACT INTERFACE I'R3I0 

355 

ERROR HANDLING I<— 

315 
NO 

320 

ERROR HANDLING I-_>( STOP }—395 
S 

INPUT VALID 

I ABSTRACT INTERFACE PASSES INFO TO CORE TOOL I"325 

I 
I INITIALIZE NEXT STATES FOR PRODUCT DATA ELEMENTS I'“330 

I 
I PROCESS ABSTRACT RULE FOR ABSTRACT DATA ELEMENT F335 

ABSTRACT 
RULE PASS 

PROCESS 
CONFLICT 

RESOLVE 
CONFLICT 

350 

360 

L———-I RESOLVE CONFLICTS WITH OTHER ABSTRACT RULES I 

I UPDATE ABSTRACT DATA ELEMENT I'T3'70 

LPROCESS PRODUCT RULES FOR PRODUCT DATA ELEMENTS I'—3 75 



Patent Application Publication Mar. 27, 2003 Sheet 1 0f 16 US 2003/0061572 A1 

\ P E 

110 -~ CPU DISPLAY A150 

120\ KEYBOARD A160 

' MOUSE 6170 

122 ‘T 03 

DASD ~180 

/-124 TAPE ~130 
CONFIGURATION 
PROGRAM CD ROM P180 

RAID 6180 

Hg. 1 

( START F702 

V 

POINT TO FIRST PRODUCT DATA ELEMENT IN LIST A 710 

THERE UPDATE PRODUCT DATA 
MORE PRODUCT YES ELEMENT BY COPYING 
DATA ELEMENTS NEXT STATE TO 

CURRENT STATE IN LIST 
? 

740 Fig. 7 



Patent Application Publication Mar. 27, 2003 Sheet 2 0f 16 US 2003/0061572 Al 

N. lllllllllllllllllllllllllllllllllllllll |ln \SN ” SE53 “ H 

n f 2% u 

m ulllflll?l lllllllllllllll |l.l_ 
“ 5300mm “ 

“ %~\ " mmzowzo Sam 

M m / 2N \ NR “ 5m: \ RN u Ewsmjw <20 " :m 8 . 5 mm 0 

“ 530E “ \ IN ozawmmag 

m R~\ M 1053162 “ :m g . :m mm Q 

_ " M551: 

“ u _ IE2, mam 6n. 

_ _ 

M n 50 

_ _ 

u .54 Emsm? L. _ 

" <56 550%. u r \ _ » 

" M 2m _ 

“ 3.5m _ _ 

_ _ 

llllllllllllll IIL 



Patent Application Publication Mar. 27, 2003 Sheet 3 0f 16 US 2003/0061572 A1 

I START F302 

IL ERROR HANDLING 

I 

RECEIVE USER INPUT P305 

1! 

INPUT DATA VALIDATION AT ABSTRACT INTERFACE I"“31O 

315 
NO [320 

I ERROR HANDLING @395 INPUT VALID 

ABSTRACT INTERFACE PASSES INFO TO CORE TOOL "325 

I 

INITIALIZE NEXT STATES FOR PRODUCT DATA ELEMENTS "-“330 

II 
PROCESS ABSTRACT RULE FOR ABSTRACT DATA ELEMENT ""335 

N0 ‘ PROCESS 

CONFLICT 
RESOLVE 
CON FLICT 

ABSTRACT 
RULE PASS 

350 

/360 
‘A RESOLVE CONFLICTS WITH OTHER ABSTRACT RULES 

UPDATE ABSTRACT DATA ELEMENT ’“370 

II 

PROCESS PRODUCT RULES FOR PRODUCT DATA ELEMENTS 375 

@380 Fig. 3 

















Pat . . . . ent Appllcatlon Publlcatlon Mar. 27, 2003 Sheet 11 0f 16 US 2003/0061572 A1 

502 

GET PRODUCT DATA ELEMENT LIST 

520 ARE 
THERE 

MORE PRODUCT 
DATA ELEMENTS 

IN LIST 
'? 

EXECUTE INITIALIZE NEXT STATE 
PORTION OF PRODUCT RULE 

2.32 

510 

570 

"" 530 

540 
DID 

INITIALIZATION 
PASS 

‘? 

ERROR HANDLING 

I 
P 550 

( STOP / RETURN TO 305D» 560 

Fig. 5 



P . . . . atent Appllcatlon Publlcatlon Mar. 27, 2003 Sheet 12 0f 16 US 2003/0061572 A1 

( START )’ 602 

I 

GET PRODUCT DATA ELEMENT LIST 

375 

610 

I 

UPDATE PRODUCT 
DATA ELEMENTS 

620 ARE 
THERE 

MORE PRODUCT 
DATA ELEMENTS 

IN LIST 
f; 

YES 680 

EXECUTE CHECK PORTION '- 630 
OF PRODUCT RULE 

YES PRODUCT 
' ULE PASS 

Fig. 6 
P650 

ERROR HANDLING 

I 
( STOP/RETURN TO 305 660 











US 2003/0061572 A1 

REUSABLE CONFIGURATION TOOL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to inte 
grated circuit con?guration tools. More particularly, the 
present invention relates to a reusable con?guration tool for 
ensuring valid con?gurations for integrated circuits. 

[0003] 2. Description of the Related Art 

[0004] As the complexity of integrated circuits (ICs) 
groWs, the need to assist users With the setup of complex ICs 
becomes increasingly important. A complex IC typically 
contains a large number of valid con?gurations for the 
register settings, memory con?gurations, mode pins, etc., 
but also as many or even more invalid con?gurations. Users 
of these complex ICs typically rely on the IC manufacturer’s 
Written speci?cation and application notes for the speci?c IC 
to con?gure the IC and to determine Whether the con?gu 
ration may be valid. HoWever, the user usually ends up With 
a time-consuming trial and error method for ensuring that 
the con?guration for the IC is valid. Also, the IC manufac 
turer may be over-burdened by the required technical sup 
port to the user for a variety of ICs. Thus, a tremendous 
amount of resources are devoted by both the user and the IC 
manufacturer to ensure valid IC con?gurations. 

[0005] Therefore, there is a need for a con?guration tool 
for ensuring valid con?gurations for integrated circuits. It 
Would be desirable for the con?guration tool to simplify an 
IC con?guration process. Further, it Would be desirable for 
the con?guration tool to be utiliZable for con?guring a 
variety of ICs. 

SUMMARY OF THE INVENTION 

[0006] Method, system and signal bearing medium for 
con?guring an integrated circuit are provided. One embodi 
ment provides a method for con?guring an integrated cir 
cuit, comprising: providing a user interface for displaying 
one or more abstract data elements for user selection, 
Wherein the one or more abstract data elements represent 
one or more controls associated With characteristics of the 
integrated circuit; receiving a user selection of an abstract 
data element; validating associated abstract rules for the user 
selected abstract data element; and validating product rules 
for the one or more product data elements associated With 
the user selected abstract data element, Wherein the one or 
more product data elements represent one or more control 
lable features of the integrated circuit. 

[0007] Another embodiment provides a system for con 
?guring an integrated circuit. The system comprises: a user 
interface for displaying one or more abstract data elements 
for user selection; a con?guration database containing an 
abstract rules database and a product rules database; and a 
core tool connected to the user interface and the con?gura 
tion database, the core tool con?gured to perform an opera 
tions for con?guring an integrated circuit. 

[0008] Another embodiment provides signal bearing com 
prising a program Which, When executed by a processor, 
performs an operation for con?guring an integrated circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] So that the manner in Which the above recited 
features, advantages and objects of the present invention are 
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attained and can be understood in detail, a more particular 
description of the invention, brie?y summariZed above, may 
be had by reference to the embodiments thereof Which are 
illustrated in the appended draWings. 

[0010] It is to be noted, hoWever, that the appended 
draWings illustrate only typical embodiments of this inven 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective 
embodiments. 

[0011] FIG. 1 is a block diagram illustrating one embodi 
ment of a computer system implementing one embodiment 
of a con?guration system. 

[0012] FIG. 2 is a block diagram illustrating one embodi 
ment of a con?guration system. 

[0013] FIG. 3 is a How diagram illustrating one embodi 
ment of a method for con?guring an integrated circuit. 

[0014] FIGS. 4A-G are exemplary embodiments of 
graphic user interfaces utiliZed for con?guring an integrated 
circuit. 

[0015] FIG. 5 is a How diagram illustrating one embodi 
ment of a process for initialiZing next states of product data 
elements. 

[0016] FIG. 6 is a How diagram illustrating one embodi 
ment of a process for checking product rules. 

[0017] FIG. 7 is a How diagram illustrating one embodi 
ment of a process for updating product data elements. 

[0018] FIGS. 8A-D are exemplary embodiments of 
graphical user interfaces illustrating a high level abstraction 
for con?guring a physical interface chip for a netWork 
processor. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0019] Embodiments of the invention generally provide 
methods and apparatus for con?guring an integrated circuit. 
One embodiment provides a con?guration tool for ensuring 
valid con?gurations for integrated circuits. The con?gura 
tion tool guarantees that the user only creates valid con?gu 
ration for the complex IC, thereby reducing the user’s (or 
customer’s) time to market as Well as the amount of support 
provided by the IC manufacturer to the user/customer. In one 
aspect, the con?guration tool simpli?es an IC con?guration 
process by providing an interactive speci?cation through a 
graphical user interface, and complex con?guration prob 
lems are abstracted and simpli?ed so that the user need not 
have knoWledge for detailed loW level setting of the IC. 
Another aspect of the invention simpli?es the complexity of 
the con?guration rules by separating the rules into higher 
level abstract rules and loWer level product rules. In another 
aspect, the con?guration tool may be utiliZed for con?guring 
a variety of ICs simply by changing the con?guration 
database connected to the con?guration tool. Furthermore, 
the con?guration tool may be utiliZed to provide a variety of 
valid con?gurations for the same IC. 

[0020] One embodiment of the invention is implemented 
as a program product for use With a computer system such 
as, for example, the computer system 100 described beloW. 
The program(s) of the program product de?nes functions of 
the embodiments (including the methods described beloW 
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With reference to FIGS. 3 and 5-7) and can be contained on 
a variety of signal/bearing media. Illustrative signal/bearing 
media include, but are not limited to: information per 
manently stored on non-Writable storage media (e.g., read 
only memory devices Within a computer such as CD-ROM 
disks readable by a CD-ROM drive); (ii) alterable informa 
tion stored on Writable storage media (e.g., ?oppy disks 
Within a diskette drive or hard-disk drive); or (iii) informa 
tion conveyed to a computer by a communications medium, 
such as through a computer or telephone netWork, including 
Wireless communications. The latter embodiment speci? 
cally includes information doWnloaded from the Internet and 
other netWorks. Such signal-bearing media, When carrying 
computer-readable instructions that direct the functions of 
the present invention, represent embodiments of the present 
invention. 

[0021] In general, the routines executed to implement the 
embodiments of the invention, Whether implemented as part 
of an operating system or a speci?c application, component, 
program, module, object, or sequence of instructions may be 
referred to herein as a “program”. The computer program 
typically is comprised of a multitude of instructions that Will 
be translated by the native computer into a machine-readable 
format and hence executable instructions. Also, programs 
are comprised of variables and data structures that either 
reside locally to the program or are found in memory or on 

storage devices. In addition, various programs described 
hereinafter may be identi?ed based upon the application for 
Which they are implemented in a speci?c embodiment of the 
invention. HoWever, it should be appreciated that any par 
ticular program nomenclature that folloWs is used merely for 
convenience, and thus the invention should not be limited to 
use solely in any speci?c application identi?ed and/or 
implied by such nomenclature. 

[0022] FIG. 1 is a block diagram illustrating one embodi 
ment of a computer system implementing one embodiment 
of a con?guration system. The computer system 100 gen 
erally comprises a central processing unit (CPU) 110, a main 
memory 120, and an input/output (I/O) processor 130. These 
system components are interconnected through a system bus 
140. Input/output devices, such as a display monitor 150, a 
keyboard 160, and a pointing device 170 (e.g., mouse), are 
connected to the computer system 100 through the I/O 
processor 130. One or more storage devices 180, such as 
RAID systems, direct access storage devices (DASDs), tape 
storage devices, CD-ROM (compact disc read only 
memory), disk drives and other optical or magnetic storage 
devices, may be connected to the computer 100 through the 
I/O processor 130. Data ?les, softWare programs, and other 
information may be stored on the storage devices 180. 

[0023] One or more softWare programs, such as an oper 
ating system 122, may be stored in the main memory 120 or 
alternatively, in the storage devices 180. The operating 
system 122 is a suitable multitasking operating system; 
hoWever, those skilled in the art Will appreciate that the spirit 
and scope of the present invention is not limited to any one 
operating system. Operating system 122 may support a 
variety of programming environments. Other softWare pro 
grams, such as a con?guration program 124 for con?guring 
integrated circuits, may also be stored in the main memory 
120, or alternatively, in the storage devices 180. Operation 
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of the computer system 100 may be controlled by user input 
through I/O devices such as the keyboard 160 and the 
pointing device 170. 

[0024] At this point, it is important to note that While 
embodiments of the present invention have been (and Will 
continue to be) described in the context of a fully functional 
computer system, those skilled in the art Will appreciate that 
embodiments of the invention are capable of being distrib 
uted as a program product via ?oppy disk, CD ROM, or 
other form of recordable media, or via any type of electronic 
transmission mechanism. 

[0025] FIG. 2 is a block diagram illustrating one embodi 
ment of a con?guration system. The con?guration system 
200 generally includes a core tool 210, an abstract interface 
220 and a con?guration database 230. In one embodiment, 
the core tool 210 and the abstract interface 220 may be part 
of the con?guration program 124 as shoWn in FIG. 1. The 
con?guration database 230 may include an abstract rules 
database 240, an abstract data element database 245, a 
product rules database 250, a product data element database 
255, and a product data element list database 260. Each of 
these databases may reside on a storage device 180 as shoWn 
in FIG. 1. 

[0026] In one embodiment, the core tool 210 comprises an 
Instructor 212, an Update Utility 214, and a Rule Checker 
216. The Instructor 212 determines Which product data 
elements are associated With an abstract data element (also 
referred to as a control). Also, the Instructor 212 commu 
nicates With the Update Utility 214 to perform updates to 
particular product data elements or abstract data elements, 
and the Instructor 212 communicates With the Rule Checker 
216 to validate particular product rules and abstract rules. 

[0027] The Update Utility 214 updates ?elds for an 
abstract data element in the abstract data element database 
245 and ?elds for a product data element in the product data 
element database 255. An update is accomplished by copy 
ing Next State values to Current State values after all rules 
have been validated. Data or information passed betWeen the 
Instructor 212 and the Update Utility 214 includes the 
product data element or the abstract data element to be 
updated. 
[0028] The Rule Checker 216 checks the product rules and 
abstract rules from the respective databases. Speci?cally, the 
Rule Checker 216 retrieves the speci?c Abstract Rule to 
execute from the Abstract Rules database 240, and retrieves 
the speci?c Product Rule to execute from the Product Rules 
database 250. Data or information passed betWeen the 
Instructor 212 and the Rule Checker 216 includes a pointer 
to a rule (Product Rule or Abstract Rule) to be checked and 
the result of the check. 

[0029] In one embodiment, the Abstract Interface 220 is a 
graphical user interface (GUI) utiliZed for alloWing the users 
of the tool to make choices about the con?guration of a 
complex IC. The Abstract Interface 220 may present input 
selections to the user in a variety of formats, including list 
boxes, combo boxes, radio buttons, check boxes, tables and 
bar charts. Data or information passed betWeen the Abstract 
Interface 220 and the Instructor 212 includes the identi?er of 
the GUI control that Was manipulated, and the value it Was 
manipulated to. 

[0030] The abstract rules database 240 contains all of the 
abstract rules utiliZed by the core tool 210. As used herein, 
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an abstract rule generally refers to a rule Which governs the 
operations associated With an abstract data element. One or 
more abstract rules may be Written for each abstract data 
element. The abstract rules allow a user to enforce high level 
application conditions Without knowing the speci?c mecha 
nisms that must be set Within the complex IC to accomplish 
those conditions. For each GUI control (i.e., abstract data 
element) in the Abstract Interface 220, there is at least one 
abstract rule. 

[0031] The product rules database 250 contains the prod 
uct rules utiliZed by the core tool. As used herein, a product 
rule generally refers to a rule Which governs hoW to set a 
product data element appropriately. A product rule may be 
Written for each product data element. For example, a 
product rule for a counter register may govern the reset value 
of the counter register and the appropriate time to reset the 
counter register. The product rules alloW a user to enforce 
speci?c conditions that must be met for the product to 
function properly Without knoWledge of the high level 
conditions of an application. 

[0032] The product data element list database 260 contains 
the lists of data elements that must be validated for the 
control being manipulated by the user. There can be 0 to n 
number of product data elements in the list. The more 
“abstract” the function, the more data elements in the list. A 
list of product data elements is associated With each abstract 
data element (i.e., control), and the lists are contained in the 
product data element list database 260. Data or information 
passed betWeen the Instructor 212 and the product data 
element list database 260 includes the list of product data 
elements to be manipulated for a given GUI control manipu 
lation. 

[0033] The product data element database 255 contains the 
settings of controllable features Within an IC, e.g., program 
mable registers. Each controllable feature may be repre 
sented by a product data element. In one embodiment, the 
various registers in an integrated circuit are broken doWn 
into a plurality of product data elements. These product data 
elements can represent anyWhere from one bit in a register 
to 32 bits in a register, depending on the function of the 
register. For example, one product data element may be 
created for a 32-bit counter register. As another example, a 
control register may be broken doWn into 32 individual bits 
Wherein each bit has a distinct function, and each bit may be 
represented by one product data element. Aproduct rule may 
be Written for each product data element that governs hoW 
to set that product data element appropriately. For example, 
for a counter register, the product rule may govern the reset 
value of the counter register (Whether all O’s, all l’s or some 
combination of 0’s and 1’s) and the appropriate time to reset 
the counter register. 

[0034] The abstract data element database 245 contains 
the settings for each abstract data element (i.e., the controls 
shoWn in the GUIs). As used herein, an abstract data element 
represents a control associated With a characteristic of the 
IC. For example, an abstract data element may represent a 
PCI Bus Width (e.g., 32 bit or 64 bit). Data or information 
passed betWeen the Abstract Interface 220 and the abstract 
data elements database 245 includes the current settings for 
each of the GUI controls. Each control or abstract data 
element in the Abstract Interface 220 may be linked to one 
or more product data elements, depending on the level of 
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abstraction of the concept being represented on the graphic 
user interface screen. In general, the level of abstraction 
dictates hoW many product data elements are manipulated 
by user input. The abstraction level may be at a high level 
to reduce the number of user inputs needed to con?gure a 
certain portion of the IC. For example, the physical interface 
of an IC may be abstracted at a high level as an abstract data 
element, and a user may be able to select as input a speci?c 
vendor part to Which the IC can be connected, and the 
con?guration system 200 takes that abstract data element 
input and sets up a plurality of product data elements inside 
the IC. 

[0035] As an example of a level of abstraction, consider 
the Abstract Interface 220 shoWn in FIG. 2. Illustratively, 
the Abstract Interface 220 shoWs a PCI Bus Width Address 
ing control 221 Which is speci?c to the PCI bus interface and 
a very targeted representation of a function inside the IC. 
Accordingly, there may be only a feW (e.g., tWo or less) 
product data elements referencing this addressing control. 

[0036] Although the embodiments of methods and appa 
ratuses for con?guring a system are described beloW utiliZ 
ing examples applicable to con?guration of an integrated 
circuit, it is understood that further embodiments may be 
adapted to con?gure other systems by changing the data 
bases associated With the core tool. Furthermore, an inte 
grated circuit may be easily re-con?gured into another valid 
con?guration utiliZing embodiments of the invention. 

[0037] FIG. 3 is a How diagram illustrating a method 300 
for ensuring a valid con?guration of an integrated circuit. 
The method 300 begins at block 302 and proceeds to receive 
a user input at block 305. In one embodiment, the user input 
may be entered from a dialog box generated from the 
Abstract Interface 220. Each dialog box may display the 
speci?c controls (referred herein also as abstract data ele 
ments) With Which the user Would interact. 

[0038] FIGS. 4A-G are exemplary embodiments of the 
Abstract Interface 220 Which is utiliZed for con?guring an 
integrated circuit. Referring to FIG. 4A, the Abstract Inter 
face 220 includes a directory 402 for user selection of a 
particular component of the integrated circuit to be con?g 
ured. In one embodiment, the directory 402 is presented in 
an expandable/collapsible tree format Which displays the 
categories of the integrated circuit components as Well as all 
available user selections of the components to be con?gured. 
The expanded tree format of the directory 402 illustrates the 
different levels of abstraction utiliZed for con?guring an IC. 
In one embodiment, on a broad level of abstraction, the 
components of the IC are divided into the Periphery cat 
egory 404, the Memory Management category 406 and the 
Connection Management category 408. Each of these cat 
egories may provide subcategories (e.g., PCI Bus subcat 
egory 412) corresponding to loWer levels of abstraction. To 
simplify the IC con?guration process, the subcategories at 
the loWer levels of abstraction may provide dialog boxes 
Which display the product data elements (i.e., controls) for 
user interaction. To con?gure a component of the IC, the 
user may select the subcategory for the component to be 
con?gured. For example, the user may select the PCI Bus 
Width subcategory 422 to display a dialog box 405 shoWing 
the product data elements to be con?gured under this 
subcategory. The user may interact With the Data Path 
control 410 and the Addressing control 415 for the Periph 
ery/PCI Bus/Target Interface/PCI Bus Width dialog box 405. 








