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omitted from a trace report while tracing in the first trace
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captured. Execution events are traced during a second portion
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ABSTRACT

wherein additional trace information for the execution events

is included in the trace report while tracing in the second trace
mode. The trace mode may be dynamically switched between
the two trace modes during execution of the program.
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MIXED MODE PROCESSORTRACING
CLAIM OF PRIORITY

0001) This application for patent claims priority to Euro
pean Patent Application No. 10290443.0/EP10290443. (at
torney docket TI-69051 EP-PS) entitled “Mixed Mode Pro
cessor Tracing” filed Aug. 10, 2010 which is incorporated by
reference herein.
FIELD OF THE INVENTION

0002. This invention generally relates to application soft
ware development, software integration, and system optimi
Zation of complex integrated circuits and in particular to
tracing hardware and software events.
BACKGROUND OF THE INVENTION

0003 Testing and debugging of a new application specific
integrated circuit (ASIC) or of a new or modified application
program running on an ASIC requires insight into the internal
workings of busses and program execution. The IEEE 1149.1
(JTAG) standard has proven to be a very robust solution to a
Variety of test and debug systems, enabling a rich ecosystem
of compliant products to evolve across virtually the entire
electronics industry. Yet increasing chip integration and rising
focus on power management has created new challenges that
were not considered when the standard was originally devel
oped. The Mobile Industry Processor Interface (MIPI) Test
and Debug Working group has selected a new test and debug
interface, called P1149.7, which builds upon the IEEE1149.1
standard. P1149.7 enables critical advancements in test and
debug functionality while maintaining compatibility with
IEEE 1149.1.

0004. In order to provide more visibility into the execution
of programs within a complicated system on a chip (SOC).
instruction execution tracing may be provided. Various capa
bilities for instruction tracing have been provided for proces
sors in the past; for example, a test system provided by Texas
Instruments, “Code Composer Studio' uses a trace buffer
included within a microprocessor to trace program execution
by recording address traces and when a discontinuity
occurred in an instruction execution sequence, such as by
taking a jump or receiving an interrupt. Another example of
program execution tracing is provided by ARM Limited,
which provides a program trace macrocell (PTM) for use with
processor cores in an ASIC.

0005. In addition to P1149.7, the MIPI test and debug
interface specifies how multiple on-chip test access port
(TAP) controllers can be chained in a true IEEE 1149.1 com

pliant way. It also specifies a System Trace Module (STM).
STM consists of a System Trace Protocol (STP) and the
Parallel Trace Interface (PTI). The signals and pins required
for these interfaces are given through the MIPI Alliance
Recommendation for Test & Debug Debug Connector,
also part of the MIPI test and debug interface. The main
blocks of the MIPI Debug and Trace Interface (DTI), seen
from outside of the system, include: a debug connector; the
basic debug access mechanism: JTAG and/or P1149.7; a
mechanism to select different TAP controllers in a system
(Multiple TAP control); and a System Trace Module.
BRIEF DESCRIPTION OF THE DRAWINGS

0006 Embodiments in accordance with the invention will
now be described, by way of example only, and with reference
to the accompanying drawings:
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0007 FIG. 1 is a block diagram illustrating a exemplary
application specific integrated circuit (ASIC) with an execu
tion trace module (ETM)
0008 FIG. 2 is a flow diagram illustrating operation of
tracing program execution while dynamically changing the
mode of tracing:
0009 FIG. 3 is a block diagram illustrating use of the
output FIFO to manage bandwidth requirements:
I0010 FIGS. 4 and 5 are timing diagrams illustrating data
streams for two different modes of tracing; and
I0011 FIG. 6 is a block diagram illustrating a system that
includes an embodiment of an ASIC with an ETM.
DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

I0012. In order to test and debug a new application specific
integrated circuit (ASIC) or a new or modified application
program running on an ASIC, various events that occur dur
ing execution of an application or a test program are traced
and made available to an external test device for analysis. The
trace report typically includes trace data representative of a
sequence of execution events that indentifies each disconti

nuity in program execution. A time stamps may be included
with each execution event, and stand alone time stamps may
also be provided to enable the external test device to deter
mine approximately how long it takes to execute various
pieces of the application or test code. In order to provide a fine
grain analysis of code execution, tracing may be performed in
a mode that includes the number of processor cycles that
occur between each reported trace event. However, the extra
amount of data required to report cycle count information
increases the bandwidth required to transmit the trace report
from the unit under test to the external test device.

(0013 Embodiments of the present invention provide a
Scheme to dynamically switch between two or more modes of
tracing in which cycle accurate information is reported in one
mode and non-cycle accurate data is reported in another
mode. During the switch between the modes of tracing, pro
gram execution continues and any traceable events that occur
are traced and included in the trace report.
I0014) The trace report is transmitted from the SOC being
tested to an external test system over a link having a trans
mission bandwidth. In some embodiments the trace report has
a databandwidth that is less than the transmission bandwidth

while in the non-cycle accurate mode and a data bandwidth
that is greater than the transmission bandwidth while in the
cycle accurate trace mode. In this case, the excess trace infor

mation may be stored in an elastic buffer while in the cycle
accurate trace mode, and then transmitted later as bandwidth
becomes available.

I0015 FIG. 1 is a block diagram illustrating an exemplary
application specific integrated circuit (ASIC) 100 with an
execution trace module (ETM) 108 closely coupled to micro
processor unit (MPU) core 102. For purposes of this disclo
sure, the somewhat generic term "ASIC" is used to apply to
any complex system on a chip (SOC) that may include one or
more processors 102, memory 104, and/or peripherals and
DMA (direct memory access) controllers 106. Each MPU
may also include embedded memory.
(0016 ETM 108 is coupled to the MPU core and has access

to various internal buses so that it can monitor the progress of
instruction execution. It evaluates instructions that may cause
program execution to jump out of line, such as branch instruc
tions, conditional branch instructions, returns, etc. It also
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monitors for interrupts and other exception events that may
cause program execution to jump to a new location. ETM108
also monitors clock circuitry within the MPU core so that it
can count the number of processor cycles between each
execution event. Typically, a processor cycle is the Smallest
unit of time and corresponds to one cycle of the processor
instruction pipeline execution.
0017. When an external test system 130 is connected to
ASIC 100 via interconnect 122, the ETM may transmit
sequences of trace events and time stamps directly to external
trace receiver 132 as they are received. Interconnect 122 may
include signal traces on a circuit board or other Substrate on
which ASIC 100 is mounted and may be connected to a
parallel trace interface (PTI) 120 provided by ASIC 100.
Interconnect 122 may include a connector to which a cable or
other means of connecting to external trace receiver 132 is
coupled. A control channel 124 such as a serial bus or P1149.7
may be used to provide control information from external
trace device 130 to ASIC 100.

0018 Test system 130 generally will include one or more
processors, such as processor 134 and a user interface that
allows a test engineer, for example, to control, monitor, and
evaluate execution of programs and the resulting trace data on
ASIC 100. In a typical scenario, the test system has a copy of
the program that is being executed by ASIC 100. A trace event
is generally produced for each jump or branch instruction that
is processed by ASIC 100 and indicates how the program
execution sequence is affected by the jump or branch instruc
tions. Similarly, a trace event is produced for other events
Such as an interrupt or exception event that changes the execu
tion stream. For example, if a conditional branch is taken, this
fact is included in the trace event produced by execution of the
conditional branch instruction. The test system can determine
the branch address by analyzing the program code. If the
conditional branch is not taken, then this fact is included in the

trace event. For interrupts and exceptions, the trace event
needs to include the resulting address of where instruction
execution is transferred so that the test system can know
where to refocus its code analysis. If a long stretch of code is
executed inline, ETM 108 may insert periodic synchroniza
tion events to indicate to the test system where the current
execution point is. Similarly, ETM 108 may also generate
standalone timestamp events to help the test system in corre
lating the instruction execution, especially if multiple instruc
tion streams from multiple processors on ASIC 100 are being
traced.

0019. As trace events are received at test system 130, they
are correlated to the instructions in the program and can then
be displayed to the test engineer to indicate exactly what code
is being executed and, by using the time stamps, how long it
takes to execute a particular piece of instruction code. The
general operation of test systems is generally well known and
will not be described further herein.

0020. In this embodiment, an elastic first-in first-out
(FIFO) buffer 110 is coupled between ETM 108 and parallel
trace interface (PTI) 120. In some embodiments, FIFO 110
may be small. Such as only a few entries. In other embodi
ments, FIFO 110 may provide storage for several hundred or
several thousand trace events and associated time stamps and
cycle count data. Use of FIFO 110 will be described in more
detail below.

0021 FIG. 2 is a flow diagram illustrating operation of
tracing while dynamically changing cycle count accuracy. As
discussed above, several types of trace events may be gener
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ated by ETM 108 to allow test system 130 to analyze program
execution on ASIC 100. In some situations, such as hard real

time applications, the exact timing of program execution is
critical. In these instances, the time stamps provided with the
trace events may not be accurate enough. In order to provide
more accurate execution time, Some or all of the trace events

may include the cycle-count of processor cycles that have
occurred since the last trace event. In this manner, the test

system can determine exactly how much time is spent in each
portion of the instruction execution stream.
0022. However, this additional accuracy comes at a cost of
additional bandwidth required to transmit the cycle-count
information along with the trace events. In the exemplary
embodiment of FIG. 1, the databandwidth for cycle accurate
tracing is about 2.5 times the data bandwidth of non-cycle
accurate tracings. As processor speeds increase, multiple pro
cessor cores are included in SOCs, debug pin budgets are
reduced, and power allocated to output buffers for the pins is
restricted by electromagnetic interference issues, the trans
mission bandwidth available on PTI 120 and interconnect 122

may not allow tracing in cycle accurate mode for an extended
period of time. Embodiments of the present invention allow
tracing to proceed in the lower bandwidth non-cycle accurate
tracing mode for most of the program execution, but allow
tracing to Zoom in on a particular section of instruction code
be dynamically changing to the higher bandwidth cycle accu
rate tracing mode while the particular section of code is being
executed.

0023 Referring again to FIG. 2 for example, test system
130 may set up ASIC 100 to execute one or more programs on
its one or more processors. Execution 210 may proceed for a
while without being traced. A particular action, which may be
set up by test system 130, may trigger 201 tracing to begin.
Trigger 201 may be in response to executing from a particular
address, storing or fetching data from a particular address, or
similar types of events that are Supported by trigger detection
circuitry 116 within ASIC 100, referring again to FIG. 1.
Trigger circuitry 116 may be coupled to one or more address
and/or data buses within ASIC 100, as indicated at 114. Test
system 130 may set up trigger circuitry 116 via control chan
nel 124 to generate a trigger event based on a specific data
occurrence, address occurrence, etc. Further, each trigger
event may cause a register or set of registers to be accessed for
a programming model that may define an action to be taken
upon detection of the trigger event. The programming model
for each trigger event may include information, Such as a
single bit, to indicate if cycle accurate or non-cycle accurate
tracing is to be performed. Trigger detection is transparent to
the program execution and does not cause program execution
to halt or to slow down.

0024. In the example of FIG. 2, the programming model
for start trigger 201 includes a bit that instructs ETM 108 to
trace in non-cycle accurate (NCA) mode. Thus, a portion of
the sequence of execution events is traced 212 using the
non-cycle accurate mode and trace information is reported
indicative of the execution events during this portion of the
program execution. In this mode of tracing, the cycle count
information is omitted from the trace report.
0025. Eventually, another trigger occurs, such as change
trigger 202. Trigger 202 may be in response to executing from
a particular address, storing or fetching data from a particular
address, or similar types of events that are Supported by
trigger detection circuitry 116 within ASIC 100. The pro
gramming model for trigger 202 includes a bit that instructs
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ETM 108 to trace in cycle accurate (CA) mode. Thus, a
contiguous portion of the sequence of execution events is
traced 214 using the cycle accurate mode and trace informa
tion is reported indicative of the execution events during this
portion of the program execution. In this mode of tracing, the
additional cycle count information is included in the trace
report.

0026. Eventually, another trigger occurs, such as change
trigger 203. Trigger 203 may be in response to executing from
a particular address, storing or fetching data from a particular
address, or similar types of events that are Supported by
trigger detection circuitry 116 within ASIC 100. The pro
gramming model for trigger 203 includes a bit that instructs
ETM 108 to trace in non-cycle accurate mode. Thus, another
portion of the sequence of execution events is traced 216
contiguously using the non-cycle accurate mode and trace
information is reported indicative of the execution events
during this portion of the program execution. In this mode of
tracing, the additional cycle count information is omitted
from the trace report.
0027. In this manner, tracing may continue for an extended
period of time, with multiple changes in the mode of tracing.
During each change of tracing mode, ETM 108 records all
execution events that occur so that no trace information is
lost.

0028. Eventually, stop trigger 204 may be detected and
cause tracing to be stopped. Program execution 218 may
continue, but no trace information is reported. Alternatively,
instruction execution may be stopped in response to trigger
204 or in response to a command from the test system.
0029. In this embodiment, each trigger includes a bit to
indicate which mode to trace in. A single bit may be used, and
when it is in one logic state indicates cycle accurate tracing
mode and when in another logic state it indicates non-cycle
accurate tracing mode. In another embodiment, tracing may
start in a default mode, such as non-cycle accurate tracing
mode, and each change trigger may indicate that the tracing
mode is to be toggled. In another embodiment, multiple bits
may be included in the trigger to indicate one of two or more
modes of tracing. For example, one mode may be non-cycle
accurate tracing; a second mode may be cycle accurate trac
ing; a third mode may be to perform cycle accurate tracing for
a period of time and then automatically revert to non-cycle
accurate tracing, etc.
0030 FIG. 3 is a block diagram illustrating use of output
FIFO 110 to manage bandwidth requirements. Referring
again to FIG. 1, elastic output FIFO 110 is coupled to execu
tion trace module 108 and is operable to store a sequence to
trace information from the system trace module. In various
embodiments, other trace sources within SOC 100 may also
be multiplexed with the output of ETM 108 and provided to
FIFO 110. In this embodiment, output FIFO is large enough
to hold several hundred trace events. The output of FIFO 110
is coupled to transmitter 302. In this embodiment, transmitter
302 is merely the drive buffers that are connected to PTI 120.
In another embodiment, transmitter 302 may transmit the
trace report using electrical, infrared, optical, radio fre
quency, or other means now known or later developed for
transmitting data to another location.
0031. As mentioned earlier, when tracing in cycle accurate
trace mode, the data bandwidth may exceed the transmission
bandwidth of transmitter 302. In this case, FIFO 110 may
temporarily store a portion of the trace report. For example, a
first portion 312 of trace data is non-cycle accurate (NCA)
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trace data, which has a data bandwidth that is lower than the
transmission bandwidth of transmitter 302. Therefore, trans

mitter 302 can keep up with non-cycle accurate trace data.
Another portion 314 of trace data is cycle accurate (CA) trace
data. As mentioned earlier, in this embodiment, the databand

width of CA data is approximately 2.5 times that of NCA
trace data, and the transmission bandwidth of transmitter 302
is less than the data bandwidth of CA trace data. FIFO 110

may store the excess CA data for transmission later after the
next portion 316 on NCA data is being traced. In this manner,
short periods of CA data can be transmitted without stalling
the system even when the databandwidth of CA data exceeds
the transmission bandwidth of transmitter 302. In this man

ner, data overflows and blank portions in the trace stream are
avoided.

0032 FIG. 4 is a timing diagram illustrating an exemplary
NCA data stream 404 format of one trace event which

includes a time stamp 408-409. The exemplary format trans
mits four-bit nibbles on four-bit interconnect 122 during each
phase of clock signal 402. In this instance, a header message
identifier 406 indicates an eight bit trace data value and a time
stamp follows. In this embodiment, when cycle count data is
included for cycle accurate tracing, additional four bit data
nibbles are included after the trace data and before the time

stamp data. Message identifier 406 may include a bit field to
indicate that additional cycle count data is not included with
the trace data.

0033 FIG. 5 is a timing diagram illustrating a CA data
stream format of one trace event which includes cycle count
data 518-519 and a time stamp 520-521. Message header 516
may include a bit field to indicate that additional cycle count
data is included with the trace data. Depending on the cycle
count value, additional data nibbles may be required to hold
the value.

0034. Other embodiments may use a different format than
this exemplary four-bit format for conveying the trace data.
For example, a different or more extensive header may be
used, data widths may be different, encodings may be differ
ent, etc.

0035. As another example, ARM Limited defines a format
for NCA and CA trace data in the “CoreSightTM Program
Flow Trace Architecture Specification', v 1.0, 2008.
0036 Alternatively, in another embodiment, a special
message identifier may be inserted in the trace report to indi
cate the trace mode of trace data following it. For example, a
first identifier may indicate that all following trace data is
NCA data. When the trace mode is dynamically changed, an
ETM may then insert another identifier to indicate that all
following trace data is now CA data. As each mode change is
made, another mode indicator is inserted in the trace report.
0037 Thus, in various embodiments the test system is able
to receive the trace report stream of data and determine which
mode the trace data represents, such as by decoding each trace
event, by detecting a mode change indicator, or by other
signaling means.
System Application
0038 FIG. 5 is a block diagram of mobile cellular phone
1000 for use in the network of FIG. 1. Digital baseband
(DBB) unit 1002 can include a digital processing processor
system (DSP) that includes embedded memory and security
features. Stimulus Processing (SP) unit 1004 receives a voice
data stream from handset microphone 1013a and sends a
voice data stream to handset mono speaker 1013b. SP unit
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1004 also receives a voice data stream from microphone

stream to display 1020 that is received from various sources

1014a and sends a voice data stream to mono headset 1014b.

such as the cellular network via RF transceiver 1006 or cam

Usually, SP and DBB are separate ICs. In most embodiments,
SP does not embed a programmable processor core, but per
forms processing based on configuration of audio paths, fil
ters, gains, etc being setup by Software running on the DBB.
In an alternate embodiment, SP processing is performed on
the same processor that performs DBB processing. In another
embodiment, a separate DSP or other type of processor per
forms SP processing.
0039 RF transceiver 1006 includes a receiver for receiv
ing a stream of coded data frames and commands from a

era 1026. DBB 1002 may also send a video stream to an
external video display unit via encoder 1022 over composite
output terminal 1024. Encoder unit 1022 can provide encod
ing according to PAL/SECAM/NTSC video standards.

cellular base station via antenna 1007 and a transmitter for

transmitting a stream of coded data frames to the cellular base
station via antenna 1007. Transmission of the PUSCH data is

performed by the transceiver using the PUSCH resources
designated by the serving eNB. Control information is trans
mitted using the PUCCH. In some embodiments, frequency
hopping may be implied by using two or more bands as
commanded by the serving eNB. In this embodiment, a single
transceiver can Support multi-standard operation (such as
EUTRA and other standards) but other embodiments may use
multiple transceivers for different transmission standards.
Other embodiments may have transceivers for a later devel
oped transmission standard with appropriate configuration.
RF transceiver 1006 is connected to DBB 1002 which pro
vides processing of the frames of encoded data being received
and transmitted by the mobile UE unit 1000.
0040. The EUTRA defines SC-FDMA (via DFT-spread
OFDMA) as the uplink modulation. The basic SC-FDMA
DSP radio can include discrete Fourier transform (DFT),
resource (i.e. tone) mapping, and IFFT(fast implementation
of IDFT) to form a data stream for transmission. To receive
the data stream from the received signal, the SC-FDMA radio
can include DFT, resource de-mapping and IFFT. The opera
tions of DFT, IFFT and resource mapping/de-mapping may
be performed by instructions stored in memory 1012 and
executed by DBB 1002 in response to signals received by
transceiver 1006.

0041 DBB 1002 contains an ETM as described above
with respect to FIGS. 1-5. The ETM is coupled to the DSP
internal to DBB 1002 and is operable to collect trace events to
aid in debugging the various DSP radio tasks described
above. A contiguous sequence of trace events dynamically
changing between NCA and CA mode can be transmitted to
an external trace receiver when one is coupled to PTI connec
tor 1050. Alternatively, the PTI connector may be omitted
from production units and only provided on a prototype or test
version of cell phone 1000.
0042. DBB unit 1002 may send or receive data to various
devices connected to universal serial bus (USB) port 1026.
DBB 1002 can be connected to subscriber identity module
(SIM) card 1010 and stores and retrieves information used for
making calls via the cellular system. DBB 1002 can also
connected to memory 1012 that augments the onboard
memory and is used for various processing needs. DBB 1002
can be connected to Bluetooth baseband unit 1030 for wire

less connection to a microphone 1032a and headset 1032b for
sending and receiving voice data. DBB 1002 can also be
connected to display 1020 and can send information to it for
interaction with a user of the mobile UE 1000 during a call
process. Display 1020 may also display pictures received
from the network, from a local camera 1026, or from other

sources such as USB 1026. DBB 1002 may also send a video

Other Embodiments

0043 Although the invention finds particular application
to Digital Signal Processors (DSPs), implemented, for
example, in an Application Specific Integrated Circuit
(ASIC), it also finds application to other forms of processors.
An ASIC may contain one or more megacells which each
include custom designed functional circuits combined with
pre-designed functional circuits provided by a design library.
0044) While the invention has been described with refer
ence to illustrative embodiments, this description is not
intended to be construed in a limiting sense. Various other
embodiments of the invention will be apparent to persons
skilled in the art upon reference to this description. For
example, another embodiment may use another test and
debug interface that is not related to MIPI. In various embodi
ments, narrow or wide versions of P1149.7 may be used.
Other embodiments may use interconnects that are not
P1149.7 based.

0045. In other embodiments, the dynamic tracing mode
switch or “Zoom’ concept described above may be extended
to includea one or more of a number of different trace modes,

such as any one or more of the following trace modes:
0046 Changing the periodic time stamp injection rate, for
example: periodic time stamp injection frequency X, then
dynamically change to periodic time stamp injection fre
quency Y, then dynamically change to Periodic time stamp
injection frequency X, etc.;
0047 Background tasks NCA/Interrupts CA/Background
tasks NCA:
0048 address/address+data/address:

0049
0050
0051
0052
0053

compressed/uncompressed/compressed;
without qualifiers/with qualifiers/without qualifiers:
Public/Public & Secure/Public;
Initiator X/Initiators X&Y/Initiator X:
DMA transfers boundaries/DMA transfers details/

DMA transfers boundaries;
005.4 main discontinuities/all discontinuities/main dis
continuities;
0055 Performance metric A/Performance metrics A,B,C/
Performance metric A;

0056 power management (PM) events/PM & CM events/
PM events:

0057 Subset of events/all events/subset of events.
0058. In some embodiments, the ASIC may be mounted
on a printed circuit board. In other embodiments, the ASIC
may be mounted directly to a substrate that carries other
integrated circuits. Various sizes and styles of connectors may
be used for connection to an external trace receiver.

0059 A second mode of operation is supported in some
embodiments. An external trace device may not be connected
to an ASIC during a trace capture episode, or there may not be
a provision for connecting an external trace device. In this
mode, an ETM within the ASIC transmits the sequences of
trace data and associated time stamps to an embedded trace
buffer (ETB) within the ASIC via an internal bus or other
interconnect. In this case, after a debug session, the contents
of the ETB may be transferred to another device by using
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anotherinterface included within the ASIC, such as via a USB
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one or more portions of the trace report contain trace

(universal serial bus) for example. Alternatively, after a debug
session an external trace receiver may then be connected to
the ASIC and the contents of the ETB may be accessed and

information from a first trace mode and one or more

then transmitted to the external trace device.

tains trace information for all execution events that

0060. As used herein, the terms “applied.” “coupled.”
“connected, and “connection” mean electrically connected,
including where additional elements may be in the electrical
connection path. 'Associated” means a controlling relation
ship, such as a memory resource that is controlled by an
associated port.
0061. It is therefore contemplated that the appended
claims will cover any such modifications of the embodiments
as fall within the true scope and spirit of the invention.
What is claimed is:

1. A method for tracing program execution, comprising
executing the program on a processor to produce a
sequence of execution events;
tracing a portion of the sequence of execution events using
a first trace mode and reporting trace information indica
tive of the execution events during a first portion of the
program execution;
dynamically changing the mode of tracing to a second trace
mode in response to an event trigger, Such that tracing of
the sequence of execution events continues during the
change of mode; and
tracing a contiguous portion of the sequence of execution
events using the second trace mode and reporting trace
information indicative of the execution events during a
second portion of the program execution.
2. The method of claim 1, further comprising:
dynamically changing the mode of tracing to the first trace
mode in response to another event trigger, Such that
tracing of the sequence of execution events continues
during the change of mode; and
tracing another contiguous portion of the sequence of
execution events and reporting trace information indica
tive of the execution events during a third portion of the
program execution using the first trace mode.
3. The method of claim 1, wherein the trace information
indicative of the execution events in the second trace mode is

formatted differently in the trace report from the trace infor
mation in the first trace mode.

4. The method of claim 1, further comprising inserting a
mode change indicator in the trace report.

portions of the trace report contain trace information
from a second trace mode; wherein the trace report con
occurred during the period of time; and
analyzing the trace report to interpret the non-cycle accu
rate trace information and the cycle accurate trace infor
mation.

8. The method of claim 7, wherein the trace information
from the first trace mode has a different format from the trace
information from the second trace mode.

9. The method of claim 7, wherein the trace report includes
a mode change indicator between each portion of the trace
report.

10. The method of claim 7, wherein trace information

reported in the first trace mode is non-cycle accurate, and
trace information reported in the second trace mode is cycle
acCurate.

11. A digital system comprising an integrated circuit,
wherein the integrated circuit comprises:
at least one processing module operable execute a program
and to thereby generate hardware or software execution
events for tracing;
a execution trace module connected to detect the execution

events from the at least one processing module, wherein
the execution trace module is operable to form trace
information indicative of each execution event; and

a port coupled to the execution trace module for transmit
ting the sequence of trace information to an external
trace receiver; and

wherein the execution trace module is operable to:
trace execution events using a first trace mode during a
first portion of the program execution, wherein a por
tion of trace information for the execution events is

omitted from a trace report while tracing in the first
trace mode;

dynamically change the mode of tracing to a second
trace mode in response to an event trigger, such that
tracing of the sequence of execution events continues
during the change of mode; and
trace execution events using the second trace mode dur
ing a contiguous second portion of the program
execution.

the transmission bandwidth while in the second trace

12. The digital system of claim 11, wherein the execution
trace module is further operable to:
dynamically change the mode of tracing to the first trace
mode in response to another event trigger, Such that all
execution events that occur during the change of mode
are captured; and
trace execution events during a contiguous third portion of
the program execution using the first trace mode.
13. The digital system of claim 11, wherein the execution
trace module is operable to format trace information indica

mode;

tive of the execution events in the second trace mode differ

5. The method of claim 1, wherein trace information

reported in the first trace mode is non-cycle accurate, and
trace information reported in the second trace mode is cycle
acCurate.

6. The method of claim 2, further comprising:
transmitting the trace report over a link having a transmis
sion bandwidth, wherein the trace report has a databand
width less than the transmission bandwidth while in the

first trace mode and a databandwidth that is greater than
storing excess trace information while in the second trace
mode; and

transmitting the stored excess trace information after
changing to the first trace mode.
7. A method for tracing program execution, comprising
receiving a trace report containing trace information
indicative of execution events that occurred during
execution of the program for a period of time, wherein

ently from the trace information in the first trace mode.
14. The digital system of claim 11, wherein the execution
trace module is operable to insert a mode change indicator in
the trace report.
15. The digital system of claim 11, whereintrace informa
tion reported in the first trace mode is non-cycle accurate, and
trace information reported in the second trace mode is cycle
acCurate.
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16. The digital system of claim 11, further comprising an
elastic buffer coupled between the execution trace module
and the port, wherein:
the port is operable to transmit the trace report over a link
having a transmission bandwidth, wherein the trace
report has a data bandwidth less than the transmission
bandwidth while in the first trace mode and a databand

width that is greater than the transmission bandwidth
while in the second trace mode;
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the elastic buffer is operable to store excess trace informa
tion while in the second trace mode; and

the port is operable to transmit the stored excess trace
information.

17. The digital system of claim 15 being a cellular tele
phone, further comprising a connector coupled to the port for
connecting to an external trace receiver.
c

c

c

c

c

