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INCREMENTAL MODIFICATION OF 
INSTRUMENTATION LOGIC 

0001. The present application is a continuation of U.S. 
application Ser. No. 1 1/400,590, filed on Apr. 7, 2006, now 
U.S. Pat. No. 8,205,186, to issue on Jun. 19, 2012, which 
claims priority to U.S. Provisional Patent Application No. 
60/670,827 filed on Apr. 11, 2005, and entitled “Method and 
System for Making Incremental Changes to Instrumentation 
Logic', which is incorporated herein by reference in its 
entirety; this application claims the benefit of the provisional 
application’s filing date under 35 U.S.C. S 119(e). The present 
application hereby claims the benefit of this earlier filing date 
under 35 U.S.C. S 120. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention generally relates to computer 
aided circuit designs. More specifically, the present invention 
pertains to methods and systems for designing, instrument 
ing, and debugging integrated circuits. 
0004 2. Description of the Related Art 
0005 Integrated circuits are designed by designers to 
operate in specific ways. Once designed, the circuits may 
need to be analyzed, diagnosed, and debugged. Debugging is 
a process which involves detection, diagnosis, and correction 
of functional failures or discrepancies between the intended 
design and manifested behavior. In the detection phase, the 
designer of the circuit observes a functional failure. When the 
designer is able to gather enough information about the 
behavior of the integrated circuit, the designer of the circuit 
can draw the necessary conclusions to diagnose the func 
tional failure. To correct the functional failure, a fix is applied 
and the design is modified. When the design is provided in a 
Hardware Description Language (HDL). Such a fix may be a 
textual change to the HDL description of the integrated cir 
cuit. 
0006. During, or subsequent to, the circuit design, instru 
mentation circuitry may be added to facilitate the analysis, 
diagnosis and debugging of the integrated circuit design. 
Various techniques and systems of design instrumentation at 
an HDL level are described, for example, in the U.S. Pat. No. 
6,931,572, which is incorporated herein by reference in its 
entirety. An electronic monitoring circuit may be provided 
within an integrated circuit hardware product for assisting a 
debugger system in debugging the circuit design within the 
integrated circuit hardware product. A typical electronic 
monitoring circuit includes a trigger processing unit for 
monitoring trigger events and issuing a trigger action based 
on one or more of the monitored trigger events, probe circuits 
coupled between the integrated circuit hardware product and 
the trigger processing unit, a configuration register that stores 
configuration information for use in configuring the trigger 
processing unit or the probe circuits, and a communication 
controller operatively connected to the configuration register 
to provide external access to the configuration register by the 
debugger system. 
0007. After a circuit is designed, certain signals are 
selected for instrumentation to facilitate the analysis, diagno 
sis and debugging of the electronic circuit design. Synthesis 
and place and route are then run on the design with instru 
mentation circuitry. This is illustrated in a flow diagram 
shown in FIG. 1, which we call the “initial flow” in this 
disclosure. At 102, a circuit design is created and compiled. In 
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Some cases, the design is created by writing a text represen 
tation of a circuit in Hardware Description Language (HDL). 
The text representation may then be input into a compiler. 
After compilation, a register transfer level (RTL) netlist may 
be generated. The RTL netlist usually shows registers and 
other logic interconnected to show the flow of data through a 
circuit that was described in the text representation. At 104, 
one or more signals in the design are selected and instru 
mented. During instrumentation, a user may select the debug 
ging logic or specify the debugging hardware. Debugging 
logic is then inserted based on the user's selections. In certain 
cases, the user may select the number of instrumentation 
signals and the instrumentation type associated with each 
signal. Such as trigger only, Sample only, or trigger and 
sample. At 106, synthesis and place and route are run on the 
design. During synthesis, the RTL netlist may be mapped to a 
target architecture. The mapping operation converts the RTL 
level representation of the desired circuit into the equivalent 
circuit implemented using building blocks of the target archi 
tecture. A technology specific netlist is generated. Conven 
tional place and route tools may then be used to create a 
design of circuitry in the target architecture. At 108, the 
design is debugged. During debugging of the integrated cir 
cuit design, the designer may find that one or more signals 
that should have been instrumented are not or that one or more 
of the instrumented signals are not necessary. In the prior art 
methods, the price for adjusting the instrumented signals is 
high. First, the set of instrumented signals have to be modi 
fied. Then, synthesis and place and route have to be rerun on 
the design. After that, the design may be debugged again. 
Each time the designer wants to change the set of instru 
mented signals for a design, this costly process must be 
repeated. 
0008 FIG. 2 illustrates a method for modifying the instru 
mented signals in the prior art. The initial instrumentation 
logic is built, for example, according to a method shown in 
FIG. 1 (“initial flow'), and the circuit design is debugged. 
When the instrumentation logic needs to be changed, one or 
more instrumented signals are first modified as illustrated in 
block 152. Next, synthesis and place & route are rerun on the 
design, at 154. Then, the design may be debugged again, at 
156. Whenever the instrumentation logic needs to be modi 
fied, these operations, 152, 154, and 156, are repeated, as 
indicated by a loop in the flow chart. This prior art method is 
essentially equivalent to the initial instrumentation process, 
for example as shown in FIG. 1, in that it requires complete 
rerunning of synthesis and place & route operations, which 
can be very time-consuming, among other things. 

BRIEF SUMMARY OF THE DESCRIPTION 

0009. The present invention relates to methods and sys 
tems for designing, instrumenting, and debugging electronic 
circuits. According to an embodiment, a method for making 
incremental changes to instrumentation logic is provided. 
After a circuit is initially designed, certain signals are selected 
for instrumentation. Synthesis and place and route are then 
run on the design. During debugging of a circuit design, the 
instrumented signals may need to be modified. In an embodi 
ment of the present invention, this may be done without 
rerunning synthesis and place and route by incrementally 
modifying the instrumentation logic. 
0010. According to an embodiment of the present inven 
tion, a list of signals available for instrumentation is first built 
and it is presented to a user. The user modifies the instru 
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mented signals, for example, by deselecting one or more 
existing instrumentation signals and/or adding new signals to 
be instrumented. The new signals are selected from the pre 
sented list of available signals. In certain embodiments, this is 
interactively and/or iteratively performed through a user 
interface. Then, the design is updated with the modified 
instrumented signals, e.g., by connecting and/or disconnect 
ing the modified signals. Subsequently, partial rerouting is 
performed on the modified design with the updated instru 
mentation logic. 
0011. According to some embodiments of the present 
invention, a list of available signals is built based on various 
criteria. For example, the signals that are accessible after the 
synthesis and place & route of the circuit design (e.g., stored 
in a place-and-route database) may be made available for 
incremental modification of instrumentation logic. In some 
cases, the available signal may need to have the counterpartin 
its HDL description, e.g., in the RTL source. In certain 
embodiments, only the signals that can be guaranteed to have 
the same functions before and after the synthesis and place & 
route are included in the list of available signals. 
0012. In at least one embodiment of the present invention, 
a method is provided for incrementally updating instrumen 
tation logic for a design of an integrated circuit having one or 
more signals. During the initial instrumentation, extra cir 
cuitry is added for instrumentation which may not be associ 
ated with any particular signals in the circuit design. In some 
embodiments, certain signals are marked so that they can be 
instrumented later using incremental instrumentation, that is, 
without rerunning synthesis and place & route on the design. 
Each of the extra instrumentation circuitry is associated with 
one of the following instrumentation types: (a) sample-only, 
(b) trigger-only, and (c) sample-and-trigger. In certain 
embodiments, the maximum number of each instrumentation 
type is fixed. During any Subsequent modification of the 
instrumentation logic, the user may be presented with various 
information, for example, regarding the number of signals 
that can be additionally selected for each instrumentation 
type. 
0013. Once the instrumentation logic is modified, rerout 
ing is performed on the updated design with the modified 
instrumented signals. According to an embodiment of the 
present invention, one or more regions, blocks, nets, etc., are 
first determined which are affected by the change in the 
instrumentation logic. Then, the routing is performed in those 
affected regions only. In some cases, the routing may be 
performed on the whole circuit Subsequent to, or concurrent 
with, the partial routing on the affected regions. 
0014. Therefore, as summarized herein, the present inven 
tion provides, among other things, methods and systems for 
incrementally updating instrumentation logic in circuit 
designs without rerunning synthesis and place and route. 
According to an embodiment, instrumentation logic is incre 
mentally changed by the following operations: Building a list 
of available signals, modifying the instrumentation logic, and 
rerouting the modified design. These and other embodiments, 
features, aspects, and advantages of the present invention will 
be apparent from the accompanying drawings and from the 
detailed description and appended claims which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The present invention is illustrated by way of 
example and not limitation in the figures of the accompanying 
drawings, in which like references indicate similar elements 
and in which: 
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0016 FIG. 1 illustrates a method for creating and debug 
ging an integrated circuit design. The method includes an 
operation for initially instrumenting the circuit design (“ini 
tial flow”) to facilitate analysis, diagnosis, and debugging. 
0017 FIG. 2 is a flow diagram illustrating a prior art 
method for modifying instrumented logic. The method is 
essentially equivalent to the initial instrumentation process, 
for example, shown in FIG. 1. 
0018 FIG. 3 is a block diagram illustrating a suitable 
computing environment in which certain aspects of the illus 
trated invention may be practiced. 
0019 FIG. 4 shows a functional block diagram illustrating 
an exemplary instrumentation system according to an 
embodiment of the present invention. 
0020 FIG. 5 shows a design flow according to an embodi 
ment of the present invention. The exemplary process is illus 
trated in the context of designing and debugging an FPGA 
circuit. The diagram shows the “initial flow” as well as the 
“incremental flow” for incrementally modifying the instru 
mentation logic. 
0021 FIG. 6 is a flow diagram illustrating a method 
according to an embodiment of the present invention. 
0022 FIG. 7 is a flow diagram illustrating another method 
according to an embodiment of the present invention. 
0023 FIG. 8 is a flow diagram illustrating yet another 
method according to an embodiment of the present invention. 
0024 FIG. 9 is a block diagram illustrating an exemplary 
system according to an embodiment of the present invention. 
The figure shows that four signals from the user design are 
currently selected for instrumentation. 
0025 FIG. 10 illustrates an exemplary method for incre 
mentally modifying instrumentation logic according to an 
embodiment of the present invention. 
0026 FIG. 11 is a flow chart illustrating a method for 
setting up initial instrumentation logic for an integrated cir 
cuit according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

0027. The present invention will now be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which various exemplary embodiments of the inven 
tion are shown. This invention may, however, be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure will be thorough 
and complete, and will fully convey the scope of the invention 
to those skilled in the art Likewise, for purposes of explana 
tion, numerous specific details are set forth in the following 
description in order to provide a thorough understanding of 
the present invention. It will be evident, however, to one 
skilled in the art that the present invention may be practiced 
without these specific details. In other instances, well-known 
circuits, structures, devices, and techniques are not shown in 
detail in order not to obscure the understanding of the descrip 
tion of the present invention. 
0028 Reference throughout this specification to “one 
embodiment' or “an embodiment’ means that a particular 
feature, structure, or characteristic described in connection 
with the embodiment is included in at least one embodiment 
of the invention. Thus, the appearances of the phrases “in one 
embodiment' or “in an embodiment” in various places 
throughout this specification are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
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tures, structures, or characteristics may be combined in any 
Suitable manner in one or more embodiment. 

0029. The present invention provides methods and sys 
tems for incrementally updating the instrumentation logic in 
integrated circuit designs. During debugging of a circuit 
design, instrumented signals are modified without rerunning 
synthesis and place and route. According to an embodiment, 
instrumentation logic is incrementally changed by the follow 
ing operations: Building a list of available signals, modifying 
or deleting one or more instrumented signals and/or adding 
additional signals for instrumentation, connecting or discon 
necting the new and/or modified/deleted signals, and rerout 
ing the design with modified signals. 
0030 Referring now to FIG.3, a block diagram illustrates 
a Suitable computing environment in which certain aspects of 
the illustrated invention may be practiced. This exemplary 
system 200 can be used with various embodiments of the 
present invention. As will be appreciated by one of skill in the 
art, however, the present invention may be embodied as a 
method, data processing system or program product as well as 
an article of manufacture or an apparatus. Thus the scope of 
the invention should be determined by the appended claims 
and their legal equivalents, and not by the examples given. 
Note that while the block diagram of FIG.3 illustrates various 
components of a data processing system, it is not intended to 
represent any particular architecture or manner of intercon 
necting the components. It is to be appreciated that various 
components of the exemplary data processing system may be 
rearranged, and that certain implementations of the present 
invention may not require nor include all of the above com 
ponents. It will also be appreciated that personal computers, 
laptops, and network computers, and other data processing 
systems such as cellular telephones, personal digital assis 
tants, music players, etc. which have fewer components or 
perhaps more components may also be used with the present 
invention. The data processing system of FIG. 3 may, for 
example, be a specialized computer system for use in com 
puter-aided circuit design. 
0031. As shown in FIG. 3, the exemplary data processing 
system 200 includes a bus 202 which is coupled to a micro 
processor(s) 204 and a memory 206 such as a ROM (read only 
memory) or a volatile RAM and a non-volatile storage device 
(s) 208. The system bus 202 interconnects these various com 
ponents together and also interconnects these components 
204, 206, and 208 to a display controller(s) 210 and display 
devices 212 such as LCD screens and to peripheral devices 
such as input/output (I/O) devices 216 and 218 which may be 
mice, keypads, input wheels, modems, network interfaces, 
printers and other devices which are well known in the art. 
Typically, the I/O devices 216 and 218 are coupled to the 
system through I/O controllers 214. The volatile RAM (ran 
dom access memory) 206 is typically implemented as 
dynamic RAM (DRAM) which requires power continually in 
order to refresh or maintain the data in the memory. The mass 
storage 208 is typically a magnetic hard drive or a magnetic 
optical drive oran optical drive or a DVD ROM or other types 
of memory systems which maintain data (e.g. large amounts 
of data) even after power is removed from the system. Typi 
cally, the mass storage 208 will also be a random access 
memory although this is not required. While FIG. 3 shows 
that the mass storage 208 is a local device coupled directly to 
the rest of the components in the data processing system, it 
will be appreciated that the present invention may utilize a 
non-volatile memory which is remote from the system, Such 
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as a network storage device which is coupled to the data 
processing system through a network interface 218 such as a 
modem or Ethernet interface. The bus 202 may include one or 
more buses connected to each other through various bridges, 
controllers and/or adapters as is well known in the art. In one 
embodiment, the I/O controller 214 includes a USB (univer 
sal serial bus) adapter for controlling USB peripherals and an 
IEEE 1394 (i.e., “firewire') controller for IEEE 1394 com 
pliant peripherals. The display controllers 210 may include 
additional processors such as GPUs (graphical processing 
units) and they may control one or more display devices 212. 
0032. As will be appreciated by those skilled in the art, the 
content for implementing an embodiment of the method of 
the invention, for example, computer program instructions, 
may be provided by any machine-readable media which can 
store data that is accessible by the system 200 shown in FIG. 
3, as part of or in addition to memory, including but not 
limited to cartridges, magnetic cassettes, flash memory cards, 
digital video disks, random access memories (RAMS), read 
only memories (ROMs), and the like. In this regard, the exem 
plary data processing system is equipped to communicate 
with Such machine-readable media in a manner well-known 
in the art. 
0033. It will be further appreciated by those skilled in the 
art that the content for implementing an embodiment of the 
method of the invention may be provided to the system 200 
from any external device capable of storing the content and 
communicating the content to the system 200. For example, 
in one embodiment of the invention, the system 200 may be 
connected to a network, and the content may be stored on any 
device in the network. 
0034. The present invention relates to methods and sys 
tems for designing, instrumenting, and debugging integrated 
circuits. In particular, at least one embodiment of the present 
invention provides a method for making incremental changes 
to the instrumentation logic of the integrated circuits. During 
the initial circuit design, certain signals are selected for 
instrumentation. Synthesis and place and route are then run 
on the design (“initial flow). In the Subsequent debugging 
operations of a circuit design, the instrumented signals may 
be incrementally modified without rerunning synthesis and 
place and route. This will be broadly termed “incremental 
flow” in this disclosure. 

0035 FIG. 4 shows a functional block diagram illustrating 
an exemplary instrumentation system according to at least 
one embodiment of the present invention. The diagram shown 
in the figure is not meant to represent any concrete implemen 
tation, and it is presented here for illustrative purposes only. 
This exemplary block diagram of FIG. 4 includes an instru 
mentor unit 252, which may be used, among other things, to 
add instrumentation circuitry to an integrated circuit design. 
In certain embodiments, the instrumented signals may be 
stored in a database for later use. The block diagram also 
includes the synthesis and place & route system 254 and a 
software or hardware debugger 256. Some of the functions 
related to incremental modification of the circuit design are 
included in a unit 258. Some embodiments of the present 
invention also comprise a user interface 260. The user inter 
face may be used, for example, to allow the user to interac 
tively modify the instrumentation logic. 
0036 FIG. 5 illustrates a design flow according to some 
embodiments of the present invention. The flow describes an 
exemplary process for designing and debugging an integrated 
circuit, in particular, an FPGA circuit in this example. In some 
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embodiments, the circuit design is created by writing a text 
representation of a circuit in Hardware Description Language 
(HDL). The text representation may then be compiled and a 
register transfer level (RTL) netlist may be generated. The 
RTL netlist, 302 in the figure, usually shows registers and 
other logic interconnected to show the flow of data through 
the circuit that was described in the text representation. Then, 
one or more signals in the design are selected and instru 
mented using instrumentor 304. During instrumentation, a 
user may select the debugging logic or specify the debugging 
hardware. Debugging logic is then inserted based on the 
user's selections. In certain embodiments, the user may select 
the number of instrumentation signals and the kind of instru 
mentation signal. Such as trigger only, Sample only, or trigger 
and sample. Then, synthesis 310 and place and route 312 are 
run on the instrumented design. During synthesis 310, the 
RTL netlist may be mapped to a target architecture. The 
mapping operation converts the RTL level representation of 
the desired circuit into the equivalent circuit implemented 
using building blocks of the target architecture. A technology 
specific netlist is generated. Place-and-routing 312 then cre 
ates a design of circuitry in the target architecture, as indi 
cated by a block 314 in FIG. 5. The synthesized and place 
and-routed circuit design 314 with the initial instrumentation 
logic may be debugged using a debugger 316. This process is 
indicated by an arrow 306 with a label “initial flow” in the 
figure. During debugging of the integrated circuit design, the 
designer may find that one or more signals that should have 
been instrumented were not or that one or more of the instru 
mented signals were not necessary. As illustrated earlier with 
respect to the flow chart of FIG. 2, this can be done by 
repeating the initial flow 306 each time instrumentation logic 
is modified. This is a costly process, among other things. At 
least one embodiment of the present invention provides a 
method for incrementally modifying the instrumentation 
logic without rerunning synthesis and place and route, which 
is schematically represented by an arrow 308 with a label 
“incremental flow'. 

0037 FIG. 6 is a flow chart illustrating an incremental flow 
according to an embodiment of the present invention. This 
exemplary process may be viewed in connection with, or 
Subsequent to, an initial flow, for example, as illustrated in 
FIG.1. In particular, a circuit design has been created with an 
initial instrumentation logic in this example. The initial 
instrumentation logic is modified, at block 352, for example, 
based on an input from a user (e.g., a circuit designer). 
According to an embodiment of the present invention, new 
synthesis and place & route operations on the updated circuit 
design is avoided, and instead only rerouting is performed on 
the modified instrumented signals, at 354. Then the design 
with modified instrumentation logic is debugged, at 356. This 
set of operations can be repeated each time the instrumenta 
tion logic needs to be modified without incurring the over 
head of complete synthesis and place & route. 
0038 FIG. 7 illustrates in further detail an exemplary 
method of incremental flow according to an embodiment of 
the present invention. At 402, a list of available signals is built. 
In one embodiment, the signals in the circuit design are ana 
lyzed to determine which signals are available for the user to 
select for instrumentation or deselect from instrumentation. 
For example, criteria Such as whether the signal can be cor 
related to a signal in the HDL and whether the signal repre 
sents the same function in the netlist as in the HDL may be 
used to determine whether a signal will be available for user 
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selection. In one embodiment, name matching may be used to 
match names of signals used in the HDL with names of nets 
in the netlist. In one embodiment, pattern matching may be 
used to match signals in the HDL with nets in the netlist. An 
analysis may then be done on the matched names to determine 
if they represent the same signal function. A list of available 
signals may then be displayed, where each signal corresponds 
to a signal in the HDL and represents the same function in the 
netlist as in the HDL. 

0039. At 404, one or more of the instrumented signals are 
modified. From the list of available signals, the user may then 
select the signals that he/she wants to modify and specify the 
type of instrumentation that he/she wants to be added. Such as 
sample and trigger, trigger only, or sample only. In one 
embodiment, the selection of signals is done from the HDL. 
In one embodiment, a mark or highlighting may be added to 
a signal that has been selected for modification. In one 
embodiment, the number of signals that are instrumented may 
not exceed the number of signals initially instrumented for 
each kind of instrumentation, since the hardware created dur 
ing the first instrumentation has not been changed. Therefore, 
for each additional signal that is selected for instrumentation, 
a signal that was initially instrumented must be deselected. A 
limit for each kind of instrumentation may be calculated and 
displayed, and an error message may be displayed when a 
user exceeds any of the limits. In one embodiment, extra 
instrumentation logic may be added to the design initially, for 
example, in operation 104 of FIG. 1, to provide extra instru 
mentation signals that may be connected without disconnect 
ing initially instrumented signals. For example, a user may 
select three signals to be instrumented initially: one sample 
and trigger, one sample only, and one trigger only. Instead of 
providing instrumentation logic for three instrumented sig 
nals, instrumentation logic may be provided for six signals: 
two sample and trigger, two sample only, and two trigger only. 
In this way, when the user decides to add a signal for instru 
mentation after debug, there is extra instrumentation logic in 
place to do so without having to disconnect an initially instru 
mented signal. 
0040. At block 406 of FIG. 7, the connections of the modi 
fied signals are revised. For example, a previously instru 
mented signal that no longer needs to be instrumented is 
disconnected or a newly instrumented signal is connected. In 
one embodiment, these connection modifications are done 
using an editing tool that allows certain nets to be discon 
nected and other nets to be connected instead. The modified 
signals are then rerouted, at 408. In one embodiment, the 
rerouting is done on the modified nets and takes into account 
the congestion created by the rest of the design. In some 
instances, the rerouting may not be successful. In one 
embodiment, one or more registers in the instrumentation 
logic may be moved to increase the chance of Success when 
connecting the modified nets. In one embodiment, one or 
more registers are reprogrammed with different inputs and/or 
outputs. In one embodiment, extra space is created in the 
initial design to allow room for rerouting of signals after 
debug. After the modified signals have been successfully 
rerouted, the circuit design may then be debugged again, as 
illustrated in block 410. This method may be repeated each 
time the user wants to modify the instrumented signals. 
0041 FIG. 8 illustrates another exemplary method accord 
ing to at least one embodiment of the present invention. A list 
of available signals is first built, at 452, as in the exemplary 
process of FIG.7. According to an embodiment of the present 
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invention, a list of available signals is built based on various 
criteria. For example, the signals that are accessible after the 
synthesis and place & route of the circuit design (e.g., signals 
in the netlist) may be made available for incremental modi 
fication of instrumentation logic. In some cases, the available 
signal may need to have the counterpart in its HDL descrip 
tion, e.g., in the RTL source. In one embodiment, name 
matching may be used to match names of signals used in the 
HDL with names of nets in the netlist. In one embodiment, 
pattern matching may be used to match signals in the HDL 
with nets in the netlist. An analysis may then be done on the 
matched names to determine if they represent the same signal 
function. In certain embodiments, only the signals that can be 
guaranteed to have the same functions before and after the 
synthesis and place & route are included in the list of available 
signals. At block 454, a list of currently instrumented signals 
is created. Then the list of available signals and the list of 
currently instrumented signals are displayed to the user along 
with any additional information such as the number of avail 
able signal 'slots' for each instrumentation type. In some 
embodiments, the two lists may be presented as a single table 
including all available signals with appropriate attributes, for 
example, indicating whether a certain signal is currently 
instrumented or not. 

0042. From the presented information including the lists 
of available signals and currently instrumented signals, the 
user may then deselect the instrumented signals that no longer 
need to be instrumented and/or select the signals that need to 
be added or modified, as illustrated in block 456 of FIG. 8. 
The user can further specify the type of instrumentation asso 
ciated with each signal to be instrumented, such as sample 
and trigger, trigger only, or sample only. The connections of 
the modified signals are then revised, at block 458, based on 
the updated instrumentation logic. For example, a previously 
instrumented signal that no longer needs to be instrumented is 
disconnected or a newly instrumented signal is connected. In 
one embodiment, these connection modifications are done 
using an editing tool that allows certain nets to be discon 
nected and other nets to be connected instead. 

0043. Once the instrumentation logic is modified, rerout 
ing is performed on the updated design with the modified 
instrumented signals, at 460 and 462 of FIG.8. According to 
an embodiment of the present invention, first one or more 
regions, blocks, nets, etc., are determined which are affected 
by the change in the instrumentation logic, at 460. Then, the 
routing is performed in those affected regions only. In certain 
embodiments, the routing may be performed optionally on 
the whole circuit, at 462, Subsequent to, or concurrent with, 
the partial routing on the affected regions. In cases the rerout 
ing is not successful, one or more registers in the instrumen 
tation logic may be moved to increase the chance of Success 
when connecting the modified nets, or one or more registers 
may be reprogrammed with different inputs and/or outputs. In 
one embodiment, extra space is created in the initial design to 
allow room for rerouting of signals during a Subsequent incre 
mental flow process. 
0044. After the modified signals have been rerouted, the 
circuit design with an updated set of instrumented signals 
may then be debugged again, as illustrated in block 464. This 
process may be repeated each time the user wants to modify 
the instrumentation logic, as indicated by a loop in the flow 
chart of FIG. 8. 
0045 Turning now to FIG.9, a block diagram is depicted 
illustrating an exemplary system 500 according to an embodi 
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ment of the present invention. A user design 502 may have 
been initially implemented, for example, according to a 
method of “initial flow” described earlier with respect to FIG. 
1 or FIG. 5. The user design 502 may have been further 
modified, for example, according to the methods described 
earlier with respect to FIGS. 6-8. In this example design, four 
signals 520, 522,524, and 528 are currently selected by the 
user for instrumentation: two trigger only signals 530 and 
532, one sample only signal 528, and one trigger and sample 
signal 524. The signals 520, 522. 524, and 528 are input into 
registers 510, 512, 514, and 518, respectively. The outputs 
530, 532,534, 536, and 538 from the registers are input into 
triggering logic 504 or sample buffer 506 accordingly. 
0046. In some embodiments of the present invention, 
incremental changes may be made to the instrumentation 
logic according to the methods described in connection with 
FIGS. 6-8. A user may make signal selections from the HDL. 
A list of signals available for selection (not explicitly shown 
in the figure other than the instrumented signals) may be 
displayed for the user, as described earlier. The user may 
select one or more of the instrumented signals 520, 522. 524, 
and 528 to be modified. The clock signal 508 is not available 
for modification. If the user deselects one of the instrumented 
signals, that signal will be disconnected from the correspond 
ing register. A new signal may then be selected for instrumen 
tation and connected to the available register. For example, 
the user may decide that signal 520 is not needed for instru 
mentation and he or she may deselect signal 520, which 
makes register 510 available for other signals. If the user 
decides that another signal (from a list of available signals) 
needs to be instrumented, the new signal is selected for instru 
mentation and it may be connected to the available register 
510. This new signal would be instrumented as trigger only 
since signal 520 was initially instrumented as trigger only. 
The signal 520 would be disconnected from the input of 
register 510 and the newly instrumented signal would be 
connected to the input of register 510. In some embodiments, 
additional instrumentation circuitry, which may not be asso 
ciated with any particular signals, may be added during the 
initial instrumentation process. For example, register 510 
may have been available without signal 520 being connected 
to its input in the initial design. This will be further elaborated 
later with respect to FIG. 11. Once the instrumented signals 
are modified, rerouting would then be done for the circuit 
design with the modified signals. If the rerouting is Success 
ful, the user may then proceed to debug the design. The 
process of making incremental changes to the instrumenta 
tion logic may be repeated each time the user wants to modify 
one or more of the instrumented signals without rerunning 
synthesis and place and route. 
0047. With reference to FIG. 10, an exemplary method is 
illustrated for incrementally modifying instrumentation logic 
according to an embodiment of the present invention. The 
exemplary method starts by displaying available signals to a 
user, at 602, where each signal may correspond to a signal in 
the HDL and represent the same function in the netlist as in 
the HDL. Currently instrumented signals and their instru 
mentation types are also displayed. Then, the user modifies 
one or more of the instrumented signals, at 604. From the list 
of available signals, the user may select the signals to be 
instrumented and specify the type of instrumentation. When 
the user is done with modifying instrumentation logic, it is 
analyzed at 606. For example, the number of signals that are 
to be instrumented may not exceed the number of signals 
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initially instrumented for each type of instrumentation, as 
explained earlier. As certain instrumented signals are dese 
lected, new signals may be added for instrumentation with the 
same instrumentation type. A limit for each kind of instru 
mentation may be calculated and displayed, for example, at 
602. If the user updated instrumentation logic cannot be 
implemented for any reason, for example, because it exceeds 
any of the limits in the instrumentation types, then the user 
may be directed to try again, following the No branch at block 
608. In some embodiments, an error or warning message may 
be displayed, possibly with additional information, e.g., as to 
how to fix the problem. If the new instrumentation logic is 
considered valid, then the connections of the modified signals 
are revised, at 610. For example, previously instrumented 
signals that no longer need to be instrumented are discon 
nected and newly instrumented signals are connected, as 
illustrated in connection with FIG. 9. This operation is 
repeated, as indicated by a loop including 610 and 612 in the 
flow chart of FIG. 10, until the instrumentation circuitry is 
completely revised reflecting the change in the instrumenta 
tion logic. Once the revision is completed, the modified sig 
nals are then rerouted, at 614. This exemplary method of 
incremental flow may be repeated each time the user wants to 
modify the instrumented logic without incurring the overhead 
of synthesis and trace and route. 
0048. As described earlier, extra instrumentation logic 
may be added to the integrated circuit design during the initial 
design phase so that extra instrumentation signals may be 
connected later without disconnecting the initially instru 
mented signals. For example, a user may select three signals 
to be instrumented initially: one sample and trigger, one 
sample only, and one trigger only. Instead of providing instru 
mentation logic for three instrumented signals, instrumenta 
tion logic may be provided for six signals: two sample and 
trigger, two sample only, and two trigger only. In this particu 
lar scenario, only the three signals are explicitly associated 
with the instrumentation logic, while three more signals may 
be instrumented later without having to disconnect any of the 
three initially instrumented signals. In some embodiments, 
certain signals are marked so that they can be instrumented 
later using incremental instrumentation, that is, without 
rerunning synthesis and place & route on the design. During 
the initial synthesis and place & route (e.g., initial flow of 
FIG. 5), certain signals, which are not instrumented, may be 
removed, replaced, or otherwise modified (e.g., for optimiza 
tion), and they may not be available for instrumentation dur 
ing the incremental flow. In certain embodiments, this can be 
prevented by using special markers during the initial instru 
mentation phase. 
0049 FIG. 11 shows a flow chart illustrating an exemplary 
method for instrumenting an integrated circuit according to 
an embodiment of the present invention. In this example, a 
first set of signals is first selected for instrumentation, at 702. 
In addition, a second set of signals is selected, at 704, which, 
while not necessary to be instrumented initially, may need to 
be instrumented later. These signals may be specially marked 
so that they will be guaranteed to be available in the netlist, for 
example. Then, instrumentation circuitry is added and con 
nected to the signals in the first set, at 706. In certain embodi 
ments, additional instrumentation circuitry may be added, at 
708, so that they may be connected to any additional signals 
that need to be instrumented later. 

0050 Thus, methods, systems, and apparatuses for incre 
mentally modifying instrumentation logic in circuit designs 
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have been provided. Although the present invention has been 
described with reference to specific exemplary embodiments, 
it will be evident that various modifications and changes may 
be made to these embodiments without departing from the 
broader spirit and scope of the invention as set forth in the 
claims. Accordingly, the specification and drawings are to be 
regarded in an illustrative rather than a restrictive sense 

1. A method to incrementally change instrumentation logic 
for a design of an integrated circuit, the integrated circuit 
having a plurality of signals, the method comprising: 

determining a first signal group including one or more 
signals that can be used for instrumentation from the 
plurality of signals based on a preset criterion; 

selecting a second signal group, wherein the second signal 
group is selected from the first signal group; and 

updating the instrumentation logic for the design based on 
the second signal group. 

2. The method of claim 1, wherein: 
selecting further comprises specifying an instrumentation 

type associated with each signal from the second signal 
group, the instrumentation type comprising at least one 
of the following: (a) sample-only, (b) trigger-only, or (c) 
Sample-and-trigger. 

3. The method of claim 1, further comprising: 
rerouting the design based on the updated instrumented 

logic. 
4. The method of claim 1, wherein: 
the selecting further comprises associating additional data 

with each signal from the second signal group, the addi 
tional data comprising information regarding whether or 
not to instrument the each signal; and 

the updating comprises at least one of (a) connecting sig 
nals to be instrumented, or (b) disconnecting signals to 
be de-instrumented. 

5. The method of claim 4, further comprising: 
performing a synthesis operation on the design based on 

the updated instrumented logic; and 
performing a place-and-route operation on the design 

based on the updated instrumented logic. 
6. The method of claim 1, wherein: 
the design of the integrated circuit is initially written in 
HDL. 

7. The method of claim 2, further comprising: 
issuinga warning to the user if a number of instrumentation 

signals for the instrumentation type in the second signal 
group is bigger than a maximum number of signals for 
the instrumentation type. 

8. A method for incrementally updating instrumentation 
logic for a design of an integrated circuit, the integrated 
circuit having a plurality of signals, wherein a first signal 
group from the plurality of signals can be used for instrumen 
tation, the integrated circuit having at least one extra circuit 
element for instrumentation, the method comprising: 

providing a user with a first list of one or more signals in the 
first signal group available for instrumentation; 

receiving, from the user, a second list including one or 
more signals, wherein the second list is selected from the 
first list; 

modifying the instrumentation logic for the circuit design 
based on the second list, wherein the modifying com 
prises associating at least one signal from the second list 
with the at least one extra circuit element; and 

performing at least one operation based the modifying. 
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9. The method of claim 8, further comprising: 
receiving an instrumentation type associated with each 

signal from the second list, the instrumentation type 
comprising at least one of the following: (a) sample 
only, (b) trigger-only, or (c) sample-and-trigger. 

10. The method of claim 8, the method further comprising: 
issuinga warning to the user if a number of instrumentation 

signals for an instrumentation type in the second list is 
bigger than a maximum number of signals for the instru 
mentation type. 

11. The method of claim 8, further comprising: 
receiving additional data associated with each signal from 

the second list, the additional data comprising informa 
tion regarding whether or not to instrument the each 
signal. 

12. The method of claim 8, further comprising: 
determining a region in the integrated circuit that is 

affected by the modifying: 
first updating, based on the modifying, the design in the 

region, wherein the first updating comprises rerouting in 
the region; and 

second updating, based on the first updating, the design of 
the integrated circuit, wherein the second updating com 
prises rerouting in the integrated circuit. 

13. The method of claim 12, wherein the region comprises 
at least one of a cell, a net, or a block. 

14. A data processing system, comprising: 
a processor; 
a memory coupled to the processor, the memory receiving 

instructions which, when executed by the processor, 
cause the data processing system to perform a process 
for incrementally changing instrumentation logic for a 
design of an integrated circuit, the integrated circuit 
having a plurality of signals, the process comprising: 

determining at least one signal that can be used for instru 
mentation from the plurality of signals based on a preset 
criterion; 

Selecting one or more signals from the at least one signal; 
and 

updating the instrumentation logic for the design based on 
the selected one or more signals. 

15. The data processing system of claim 14, further com 
prising: 

specifying an instrumentation type associated with each 
signal from the selected one or more signals, the instru 
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mentation type comprising one of the following: (a) 
sample-only, (b) trigger-only, or (c) sample-and-trigger. 

16. The data processing system of claim 14, further com 
prising: 

rerouting the design based on the updated instrumented 
logic. 

17. The data processing system of claim 14, further com 
prising: 

associating additional data with each signal from the 
Selected one or more signals, the additional data com 
prising information regarding whether or not to instru 
ment the each signal; and 

the updating comprises at least one of (a) connecting sig 
nals to be instrumented, or (b) disconnecting signals to 
be de-instrumented. 

18. A non-transitory machine readable medium containing 
executable computer program instructions which, when 
executed by a digital processing system, cause the system to 
perform a method for incrementally changing instrumenta 
tion logic for a design of an integrated circuit, the integrated 
circuit having a plurality of signals, the method comprising: 

determining a group of one or more signals that can be used 
for instrumentation from the plurality of signals based 
on a preset criterion; 

selecting a set of one or more signals, wherein the set of 
signals is selected from the group of one or more signals; 
and 

updating the instrumentation logic for the design based on 
the set of signals. 

19. The machine readable medium of claim 18, further 
comprising: 

specifying an instrumentation type associated with each 
signal from the set of signals, the instrumentation type 
comprising one of the following: (a) sample-only, (b) 
trigger-only, or (c) sample-and-trigger. 

20. The machine readable medium of claim 18, further 
comprising: 

associating additional data with each signal from the set of 
signals, the additional data comprising information 
regarding whether or not to instrument the each signal; 
and 

the updating comprises at least one of (a) connecting sig 
nals to be instrumented, or (b) disconnecting signals to 
be de-instrumented. 
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