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A memory controller used to manage the memory interface 

COIIfISPOHdfIHCfI AddreSSI (main store interface) for processor and input and output 
SHELLY M BECKSTRAND (I/O) device access, includes a trace array used for accumu 
314 MAIN STREET lating trace data signals to be stored to main store, control 
OWEGO’ NY 13827 logic used to determine When the array should be updated 

and When its contents should be stored to main store, an 
address register Which provides the starting address of main 
store assigned to store trace data, an offset address register 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 

CFR 153w) Which identi?es the current address to store trace data, and 

(21) APPL NO; 09/206 326 a space siZe register used to identify the amount of main 
’ store reserved to store trace data. In a ?rst implementation, 

(22) Filed; Dec_ 8, 1998 the contents of the trace array are moved to main store When 
the trace array becomes full. An alternative implementation 

Publication Classi?cation provides additional control registers and logic Which alloW 
memory to be updated from the trace array When the 

(51) Int. Cl.7 ............................. .. H04L 1/22; H04B 1/74 memory interface is not busy. 
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SYSTEM AND METHOD FOR CAPTURING AND 
STORING TRACE DATA SIGNALS IN SYSTEM 

MAIN STORAGE 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] This invention pertains to capturing trace data. 
More particularly, it pertains to capturing trace data for 
storage in main store. 

[0003] 2. Background Art 

[0004] Processor architectures often provide mechanisms 
for capturing instruction streams to aid performance analy 
sis. HoWever, there is also a need to provide for capture of 
processor bus and I/O bus behavior Which is useful for 
analyZing memory controller performance. Further, having 
detailed and accurate information about instruction fre 
quency and sequences is important for developing designs 
having high performance. 
[0005] On-chip entities knoWn as trace arrays Which are 
used to collect information useful for debug have ?nite 
depth and are often not deep enough to capture enough 
information to completely analyZe a problem. A solution 
Which has been used to address this problem provides 
off-chip signals (chip I/Os) to convey this same information 
to an eXternal logic analyZer. This solution is costly since it 
reserves chip I/ Os for problem debug Which otherWise could 
be used to enhance performance or function. 

[0006] US. Pat. No. 5,355,487 describes a softWare trac 
ing system in Which a trace buffer is con?gured as tWo 
buffers. This system requires the use of a trace hook and 
timer interrupts for controlling the interrupt mechanism. 
There is a need in the art for a method and system for tracing 
many facilities each hardWare cycle and is, therefore, not 
constrained by a timer interrupt mechanism. 

[0007] Other softWare tracing systems provide for storing 
memory references into a softWare trace buffer When code 
inserted into an instruction stream by a linker speci?es that 
a storage reference should be stored to the trace buffer. Such 
systems require link code modi?cation to insert trace buffer 
update instructions into the instruction stream, resulting in 
an undesirable change in the characteristics of the mecha 
nism being tested. 

[0008] It is an object of the invention to provide an 
improved trace system and method. 

[0009] It is a further object of the invention to provide a 
trace system and method Which provides for capture of 
processor bus and I/O bus behavior. 

[0010] It is a further object of the invention enable devel 
opment of computer designs having high performance. 

[0011] It is a further object of the invention to provide 
offchip storage of trace data Which does not reserve and 
consume chip I/Os for problem debug. 

[0012] It is a further object of the invention to provide a 
trace mechanism Which is capable of tracing many facilities 
each hardWare cycle. 

[0013] It is a further object of the invention to provide a 
target system under test Which stores trace signals to main 
store, the trace signals in main store thereafter being avail 
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able for access and analysis by any mechanism Which is 
capable of accessing main store, such as an I/O device, a 
target processor, or another processor. 

[0014] It is a further object of the invention to provide a 
hardWare tracing system Which does not require the insertion 
of softWare trace instructions into the instruction stream. 

SUMMARY OF THE INVENTION 

[0015] In accordance With the invention, a system and 
method is provided for capturing trace data in main store. 
Trace data signals are captured and driven to a trace array for 
storage. In accordance With a ?rst embodiment, responsive 
to the trace array becoming full, further trace signal capture 
is disabled and the contents of the trace array are moved to 
main store. In accordance With a second embodiment, the 
contents of the trace array are moved to main store When a 

storage request queue is empty. 

[0016] Other features and advantages of this invention Will 
become apparent from the folloWing detailed description of 
the presently preferred embodiment of the invention, taken 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 illustrates the system of the invention for 
collecting and storing trace data to main store. 

[0018] FIG. 2 illustrates the method steps of a ?rst pre 
ferred embodiment of the invention. 

[0019] FIG. 3 illustrates the method steps of a second 
preferred embodiment of the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0020] In accordance With the invention, a method and 
system is provided for capturing instruction sequence and 
instruction frequency data in a processor’s main store— 
these are signals Which are useful for hardWare or softWare 
debug and performance monitoring. Additionally, it pro 
vides a method and system for capturing hardWare debug 
information Which otherWise eXceeds the storage capability 
of a memory controller’s trace array by storing this same 
information in main store. Which signals to record, When 
recording should begin, and Which addresses in main store 
are used to store the signal values are selectable via program 
control. Once recording has completed, the signal values are 
accessed from main store by either the same processor, or a 
remote processor, via eXecution of a list of instructions 
Which comprise a softWare program. Depending on its 
design, the softWare program provides an analysis Which is 
useful for measuring performance or debugging hardWare or 
softWare problems. 

[0021] The system of the invention includes a memory 
controller used to manage the memory interface (main store 
interface) for processor and input and output (I/O) device 
access, a storage array used for accumulating trace data to be 
stored to main store, control logic used to determine When 
the array should be updated and When its contents should be 
stored to main store, an address register Which provides the 
starting address of main store assigned to store trace data, an 
offset address register Which identi?es the current address to 
store trace data, and a space siZe register used to identify the 
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amount of main store reserved to store trace data. Addition 
ally, in accordance With a preferred embodiment of the 
invention, data capture is controlled by Way of a sequence of 
instructions, i.e., a computer program. 

[0022] Logic Which selects the source of data to be traced, 
that is, internal memory controller behavior, processor bus 
behavior, or I/O bus behavior is controlled by registers that 
contain a value Which identi?es the source to be traced. The 
source selected to be traced is changed by modifying the 
value stored in these registers. The value of a register is 
modi?ed by either a memory mapped I/O (MMIO) request 
received from a processor, or by a request received from an 
IEEE 1149.1-like scan interface. The ability to select When 
and What to trace by Way of an MMIO request is very 
desirable since this provides the system of the invention With 
the ability to be controlled by Way of a computer program. 

[0023] A selected source is stored and accumulated in an 
on chip storage array, that is, a trace array of N Words by M 
bits. Additional mechanisms and controls are provided to 
determine if data updates the array each machine cycle, or 
if the collection of data should occur only When a condition 
corresponding to criteria provided in a matching criteria 
control register is satis?ed. The matching criteria control 
register is updated using the same technique used to update 
the registers Which select trace source data. 

[0024] While in storage array update mode, When control 
logic determines that data delivered to the array should be 
preserved, the array Write address counter increments by 
one, providing the array With the neXt sequential address to 
store data. Data stored to the preceding address is preserved. 
The Write address counter continues to increment as data 
store requests are received from control logic until all N 
storage locations in the storage array have been updated. 

[0025] When the Nth location of the storage array has 
been updated With data, the array update control is disabled. 
The current offset address is compared to the addresses 
provided in the trace starting address register and space siZe 
register. This comparison is performed to determine if 
enough memory remains Within a prede?ned space in main 
store to store the contents of the storage array. If not enough 
memory eXists to store the contents of the storage array, an 
attention signal is activated requesting program intervention. 
If trace space in main store eXists, subsequent requests 
received on buses selected as an input source to the array are 
stalled. Requests Which Would otherWise be driven on the 
memory interface are stalled, and the contents of the storage 
array is read from the array and stored to main store 
beginning at the offset address. Once the update of the 
storage array’s contents to main store is complete, the offset 
register is incremented by an amount equivalent to the 
number of memory addresses consumed by the contents of 
the array. Once the contents of the array have been stored to 
main store and the offset address register has been updated, 
requests Which have been stalled are alloWed to continue. 

[0026] Since stalling requests may affect the nature of 
What’s being traced, an alternative implementation provides 
additional control registers and logic Which alloW memory 
to be updated from the storage array When the memory 
interface is not busy. The memory interface is busied With 
requests Which store data from the storage array to main 
store until either all data captured in the storage array is 
stored to main store or until a memory request is received 
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from either the processor or I/O bus. Control logic is 
provided to keep track of What portion of the storage array 
contains data to be stored to main store. If the memory 
interface is too busy to store the contents of the storage array 
and the array becomes full With captured data, either use of 
the memory interface by the processor or U0 is temporarily 
stalled to perform a partial or complete update of the storage 
array’s contents to main store, or an attention signal is 
activated indicating no further trace information Will be 
collected. The choice of What should occur When the storage 
array is full and the memory interface is in use is selectable 
via control registers. 

[0027] Once data capture in main store is complete, pre 
eXisting mechanisms Which read data from main store are 
used to access this data. Given these mechanisms, data 
collected in this manner is easily accessed and may be 
readily provided to softWare tools used for analyZing this 
data. 

[0028] Referring to FIG. 1, requests are received by 
memory controller 100 from either processing unit 101 via 
system bus 102, or an I/O unit 103 via I/O bus 104. 
Depending on a request’s type and address, a request may 
either be forWarded to main store 110 via storage bus 105, 
or may target a speci?c register 106-109 Within memory 
controller 100. The availability of storage bus 105 to deliver 
requests to main store 110 and the latency of main store 110 
data access requires memory controller 100 to queue 
requests from system bus 103 or I/O bus 104 in queue 111 
until the time When needed resources become available. 

[0029] Embedded Within memory controller 100 is trace 
array 112 and its corresponding trace array control logic 113. 
Trace array 112 is a simple storage array N entries deep by 
M bits Wide Which is used as temporary storage for signal 
values Which are to be stored to main store 110. Trace array 
control logic 113 includes several registers 106-109 used for 
controlling trace operations Which are accessible via pro 
gram control, ie register space read/Write. Trace control 
register 107 is used to enable/disable the trace function, 
control When trace record requests are sent to memory 
controller 100, and identify those conditions that cause trace 
array entry creation. Trace select register 106 provides select 
signals to a multiplexer 114 having inputs including system 
bus 102, I/O bus 104, and memory controller signals 117 
Wired With all possible memory controller 100 signals of 
interest, i.e. useful for performance analysis, and softWare/ 
hardWare debug. Current trace address register 108 contains 
the address in main store 110 neXt to be updated With an 
entry from trace array 112. Trace end address register 109 
contains the address of the last storage address assigned in 
main store 110 to store signal values. 

[0030] In accordance With the method of a preferred 
embodiment of the invention, referring to FIG. 2 in con 
nection With FIG. 1, in step 120 trace control registers 113 
are initialiZed to enable signal capture. As requests received 
from either system bus 102 or I/O bus 103 are processed by 
memory controller 100, signals 114 selected by prepro 
grammed select register 106 are driven to trace array 112 to 
be stored. In steps 122 and 124, once signal capture for an 
addressed entry of trace array 112 is complete, trace array 
control logic 113 increments the store address it supplies to 
trace array 112 so that signal values previously captured in 
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trace array 112 are preserved. The resulting incremented 
address becomes the neXt entry in trace array 112 used to 
capture signal values 114. 

[0031] In steps 126 and 128, once all available entries 
Within trace array 112 contain captured signal values, signal 
capture is disabled and, in step 130, trace array control logic 
113 compares the siZe of trace array 112 and the address 
stored in current trace address register 108 to the address 
stored in trace end address register 109. If the store request 
eXceeds the capacity of the address space assigned to trace, 
in step 132 attention signal 115 is activated, indicating that 
the address space reserved in main store 110 to record trace 
data has been exhausted. If suf?cient space exists in main 
store 110, in step 134 trace array control logic 113 requests 
memory controller 100 to store the contents of trace array 
112 to main store 110, preempting if necessary any other 
storage requests memory controller 100 might issue from 
request queue 111 to storage bus 105. Once it is determined 
in step 136 that storage bus 105 is available, in step 138 the 
contents of trace array 112 are stored to the main store 110 
address identi?ed by current trace address register 108. Once 
array 112 contents are stored to main store 110, in step 140, 
the address stored in current trace address register 108 is 
incremented by an amount equivalent to the amount of 
storage consumed by the store, and in step 142 signal 
capture is enabled. Thereupon, storage bus 105 returns to 
handling requests in queue 111 received from memory 
controller 100 on behalf of processor 101 and I/O 103. 

[0032] In accordance With the method of a further pre 
ferred embodiment of the invention, referring to FIG. 3 in 
connection With FIG. 1, steps 120, 122, 124, 126, 128 and 
132 function as described above With respect to FIG. 2, With 
some modi?cation as described beloW. In accordance With 
this further embodiment, captured signal values are deliv 
ered from trace array 112 to main store 110 Whenever one or 
more trace records eXist in trace array 112 and memory 
controller’s storage request queue 111 is empty. Storage 
request queue 111 queues requests it receives from either 
system bus 102 or I/O bus 104 that are destined for main 
store 110. 

[0033] The method of this further preferred embodiment 
requires that trace array control logic 113 track those entries 
in trace array 112 Which contain signal records Which have 
not yet been stored to main store 110. In steps 162 and 164, 
When trace array 112 contains one or more signal records, 
trace array control logic 113 ?rst determines Whether or not 
sufficient address space remains in main store 110 to honor 
the request by comparing the siZe of its store request to the 
addresses found in current trace address register 108 and 
trace end address register 109. If the store request eXceeds 
the capacity of the address space assigned to trace, in step 
132 attention signal 115 is activated, indicating that the 
address space reserved in main store 110 to record trace data 
has been exhausted. In step 166, if suf?cient space eXists in 
main store 110, trace control logic 113 noti?es the memory 
controller 100 logic in charge of controlling storage bus 105 
that it has a trace record to store to main store 110. In steps 
168 and 170, if memory controller 100 determines that it has 
no other request ready to drive to storage bus 105 and the bus 
is available, memory controller 100 accepts the trace record 
request from trace array controller logic 113 and stores the 
record to main store 110. In step 172 the address contained 
in current trace address register 108 is incremented by the 
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siZe of the store and the address supplied to trace array 112 
is advanced to point to the neXt entry to be stored to main 
store 110, and steps 162-172 are repeated. That is, trace array 
control logic 113 continues to issue trace record requests to 
memory controller 100 as long as records eXist in trace array 
112 Which have not yet been stored to main store 110 and the 
store request Would not exceed the capacity of main store 
110 address space assigned to trace. Memory controller 100 
continues to accept trace record requests as long as memory 
controller 100 has no other requests ready to drive to storage 
bus 105. 

Advantages Over the Prior Art 

[0034] It is an advantage of the invention that there is 
provided an improved trace system and method. 

[0035] It is an advantage of the invention that there is 
provided a trace system and method Which provides for 
capture of processor bus and I/O bus behavior. 

[0036] It is an advantage of the invention that there is 
provided a system and method for enabling development of 
computer designs having high performance. 

[0037] It is an advantage of the invention that there is 
provided off-chip storage of trace data Which does not 
reserve and consume chip I/Os for problem debug. 

[0038] It is a further advantage of the invention that there 
is provided a target system under test Which stores trace 
signals to main store, the trace signals in main store there 
after being available for access and analysis by any mecha 
nism Which is capable of accessing main store, such as an 
I/O device, a target processor, or another processor. 

Alternative Embodiments 

[0039] It Will be appreciated that, although speci?c 
embodiments of the invention have been described herein 
for purposes of illustration, various modi?cations may be 
made Without departing from the spirit and scope of the 
invention. In particular, it is Within the scope of the inven 
tion to provide a program storage or memory device such as 
a solid or ?uid transmission medium, magnetic or optical 
Wire, tape or disc, or the like, for storing signals readable by 
a machine for controlling the operation of a computer 
according to the method of the invention and/or to structure 
its components in accordance With the system of the inven 
tion. 

[0040] Accordingly, the scope of protection of this inven 
tion is limited only by the folloWing claims and their 
equivalents. 

We claim: 
1. Method for capturing and storing trace data signals, 

comprising the steps of: 

capturing and driving said trace data signals to a trace 
array for storage; 

responsive to said trace array becoming full, disabling 
further signal capture and storing the contents of said 
trace array to main store. 

2. Method for capturing and storing trace data signals, 
comprising the steps of: 

capturing and driving said trace data signals to a trace 
array for storage at a ?rst address location; 
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incrementing said ?rst address to preserve said trace data 
signals and condition said trace array to receive sub 
sequent trace data signals; 

responsive to all available entries Within said trace array 
containing captured trace data signal, disabling further 
signal capture and evaluating the space available in 
main store to receive trace data signals; 

responsive to said main store not containing sufficient 
space allocated to trace data signals to receive the 
contents of said trace array, activating an attention 
signal indicating said main store trace storage is 
exhausted; otherWise, preempting any other storage 
requests and storing the contents of said trace array to 
said main store. 

3. Method for capturing and storing trace data signals, 
comprising the steps of: 

queuing in a storage request queue requests for storage of 
data signals in main store; 

capturing and driving said trace data signals to a trace 
array for storage; 

responsive to said trace array containing at least one trace 
data signal record and said storage request queue being 
empty, evaluating the space available in main store to 
receive trace data signals and, if space is available, 
storing the contents of said trace array to said main 
store; and 

responsive to said trace array becoming full, disabling 
further capture of said trace data signals. 

4. Method for capturing and storing trace data signals, 
comprising the steps of: 

queuing in a storage request queue requests for storage of 
data signals in main store; 

capturing and driving said trace data signals to a trace 
array for storage at a ?rst address location; 

incrementing said ?rst address to preserve said trace data 
signals and condition said trace array to receive sub 
sequent trace data signals; 

responsive to said trace array containing at least one trace 
data signal record and said storage request queue being 
empty, evaluating the space available in main store to 
receive trace data signals and, if space is available, 
storing the contents of said trace array to said main 
store; otherWise, activating an attention signal; and 

responsive to said trace array becoming full, disabling 
further capture of said trace data signals and activating 
said attention signal. 

5. System for capturing and storing trace data signals, 
comprising: 

a memory controller including a trace array control logic, 
a trace array and a request queue; 

said request queue being operable for storing requests for 
storage of data to said main store; 

said trace array being operable under control of said trace 
array control logic for storing trace data signals; and 

said trace array being further operable responsive to said 
trace array becoming full for transferring the contents 
of said trace array to a main store. 
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6. System for capturing and storing trace data signals, 
comprising: 

a memory controller; 

a processing unit; 

an input/output unit; 

a main store; 

said memory controller including a trace array control 
logic, a trace array and a request queue; 

said request queue being operable for storing requests 
from said processing unit and said input/output unit for 
storage of data to said main store; 

said trace array being operable under control of said trace 
array control logic for storing trace data signals selec 
tively from said processing unit, said input/output unit 
or said memory controller; and 

said trace array being further operable responsive to said 
trace array becoming full for transferring the contents 
of said trace array to said main store. 

7. The system of claim 6, said trace array control logic 
comprising: 

a select register; 

a control register; 

a current trace address register; and 

a trace end address register; 

said control register being operable for enabling and 
disabling a trace function, controlling When trace 
record requests are sent to said memory controller, and 
identifying conditions that cause trace array entry cre 

ation; 
said select register being operable for multiplexing said 

trace signals to said trace array selectively from said 
processing unit, said input/output unit and said memory 
controller; 

said current trace address register being operable for 
storing the location in main store next to be updated 
With an entry from said trace array; 

said trace end address register being operable for storing 
the last storage address assigned in main store for 
storing trace signal values. 

8. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
a machine to perform method steps for capturing and storing 
trace data signals, said method steps comprising: 

capturing and driving said trace data signals to a trace 
array for storage; 

responsive to said trace array becoming full, disabling 
further signal capture and storing the contents of said 
trace array to main store. 

9. An article of manufacture comprising: 

a computer useable medium having computer readable 
program code means embodied therein for capturing 
and storing trace data signals, the computer readable 
program means in said article of manufacture compris 
mg: 
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computer readable program code means for causing a 
computer to effect capturing and driving said trace data 
signals to a trace array for storage; 

computer readable program code means for causing a 
computer to effect responsive to said trace array 
becoming full, disabling further signal capture and 
storing the contents of said trace array to main store. 

10. A program storage device readable by a machine, 
tangibly embodying a program of instructions executable by 
a machine to perform method steps for capturing and storing 
trace data signals, said method steps comprising: 

queuing in a storage request queue requests for storage of 
data signals in main store; 

capturing and driving said trace data signals to a trace 
array for storage; 

responsive to said trace array containing at least one trace 
data signal record and said storage request queue being 
empty, evaluating the space available in main store to 
receive trace data signals and, if space is available, 
storing the contents of said trace array to said main 
store; and 

responsive to said trace array becoming full, disabling 
further capture of said trace data signals. 
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11. An article of manufacture comprising: 

a computer useable medium having computer readable 
program code means embodied therein for capturing 
and storing trace data signals, the computer readable 
program means in said article of manufacture compris 
ing: 
computer readable program code means for causing a 

computer to effect queuing in a storage request queue 
requests for storage of data signals in main store; 

computer readable program code means for causing a 
computer to effect capturing and driving said trace 
data signals to a trace array for storage; 

computer readable program code means for causing a 
computer to effect responsive to said trace array 
containing at least one trace data signal record and 
said storage request queue being empty, evaluating 
the space available in main store to receive trace data 
signals and, if space is available, storing the contents 
of said trace array to said main store; and 

computer readable program code means for causing a 
computer to effect responsive to said trace array 
becoming full, disabling further capture of said trace 
data signals. 


