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Technical Field The present invention relates to the field of graphics controllers,
and in particular to systems for analyzing the performance of graphic controllers.

Background Art Real-time observations of events/operations within a graphics
controller provide useful feedback on the efficiency of the graphics hardware and the
software that controls it. Information such as the average number of graphics
instructions in a queue, the latency of a specified graphics operation, the frequency of
texture cache misses, and the frequency with which a specific graphics resource is stailed
may be used by both hardware and software designers to improve system performance.
For example, an 80% hit rate on a texture cache may indicate that the cache size needs to
be increased, and a relatively high latency for a data transfer between a graphics resource
and a graphics surface, e.g. the Z buffer, may indicate a need to modify the channel
between them.

In many instances, understanding performance bottlenecks requires relatively
complex operations. For example, pinpointing pathological operations may require
detecting “handshake” signals between different pairs of graphics resources or concurrent
transactions between different pairs of resources. Collisions between these concurrent
transactions can indicate device or instruction interactions that are not apparent when
monitoring either event separately. Latency experiments must track the time difference
between the arrival of a request signal and the completion of the requested action. Where
multiple resources share a transaction gueue, it may be difficult to disentangle signals for
the different resources, and complex analyses of available signals may be required to
obtain the desired information.

Currently available methods for monitoring events in graphics hardware are
limited by the types of signals that can be observed and the ease with which observations
can be made. Logic analyzers are general purpose devices that can be set up to monitor
the state of selected external signal lines when a specified instruction is detected. Here,
“external signals” refers to those signals that are transferred on a bus or other readily
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There is thus a need for a transparent system capable of monitoring graphics
hardware at a sufficiently detailed level to provide meaningful feedback on device
performance without need for complex interfacing and analysis procedures.

Summary of the Invention

The present invention is an apparatus for monitoring a graphics controller to
elucidate performance bottlenecks and the like. The system is programmable to perform
real time observation of signals associated with operation of the graphics controller.

An apparatus in accordance with the present invention includes a command
interface that receives event-monitoring instructions and an observation module that is
coupled to the command interface. The observation module monitors signals generated
by the graphics controller and processes these signals according to the received event-
monitoring instructions.

In one embodiment of the invention, event-monitoring instructions are coupled to
the command interface through a command stream controller in the graphics hardware.
The observation module may include a co-occurrence logic unit (CLU) for detecting the
co-occurrence of specified signals in the computer system. The analysis logic may
include an addend generator that is programmable to extract, for example, throughput,
bandwidth, and queue depth data from the specified signals.

Brief Description of the Drawings

The present invention may be understood with reference to the following
drawings in which like elements are indicated by like numbers. These drawings are
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Fig. 3B is a block diagram of one embodiment of the observation system of Fig.

3A. _
Fig. 4 is a block diagram of one embodiment of the event generator of Fig. 3B.

Figs. 5A, 5B are block diagrams of one embodiment of the co-occurrence logic
unit of Fig. 3B.

Fig. 6 is a circuit diagram of one embodiment of the addend generator of Fig. 3A.

Fig. 7 is a block diagram of one embodiment of the command interface of Figs.
3A, 3B.

Figs. 8A-8D are block diagrams representing selected event-monitoring
instructions for use with the present invention.

Detailed Discussion of the Invention

The following discussion sets forth numerous specific details to provide a
thorough understanding of the invention. However, those of ordinary skill in the art
having the benefit of this disclosure will appreciate that the invention may be practiced
without these specific details. Various well known methods, procedures, components,
and circuits have not been described in detail in order to focus attention on the features of
the present invention. '

The present invention is an observation system for monitoring the performance of
a graphics controller through signals generated during operation of the graphics
controller. These signals include, for example, pipeline interlock signals that control the
flow of data among the resources of the graphics controller. The observation system
includes an observation module and a command interface that controls the observation
module in accordance with an instruction set architecture (ISA). The command interface
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signals. Selected event input signals are processed to identify user-defined events (event

signals), and these events are analyzed to provide higher level information on the
system’s operation. Event input signals may be generated in response to external
signals, such as bus transactions directed to and from the graphics controller (universal
signals), as well as in response to signals specific to the particular graphics controller
architecture (architecture specific signals).

The observation system may receive event-monitoring instructions directly via
memory mapped input/output (I/0) or, when available, through a command stream
controller (CSC) in the interface logic of the graphics controller. Routing through the
command stream controller allows the instructions to be inserted in a targeted position
within a stream of graphics commands. Precise placement of these instructions within
the graphics command stream allows the observation system to monitor graphics
resources as they respond to the sequence of graphics commands. It also facilitates
sampling that is triggered by the occurrence of specified numbers of events of a given
type, €.g. event-based sampling. Routing instructions via memory mapped (I/O) allows
events to be monitored under a broader range of conditions, which facilitates time-based
sampling, )

The observation system is described with reference to a generalized graphics
controller and its attendant signals. This is done to illustrate the features of the
observation system and is not intended to limit the scope of the present invention. For
example, in graphics controllers lacking a command stream controller or its equivalent,
the observation system may communicate with the system via memory mapped I/O.
Similarly, computer system 100 (Fig. 1) is one of many system configurations that may
implement a graphics controller suitable for analysis with the present invention and is
described for purposes of illustration only.

Referring first to Fig. 1, there is shown a computer system 100 including a
graphics subsystem suitable for use with the present invention. Computer system 100
includes a processor 110, a memory 120, chipset logic 130, and a graphics controiler
140. Chipset logic 130 couples data among processor 110, memory 120, and graphics
controller 140 through buses 112, 122, and 142, respectively.

ware. The
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video engine 1358 is also shown in the figure.

3D pipe 154 typically includes logic for processing polygons, texture mapping,
color blending, and shading. 2D pipe 152 typically includes logic for transferring blocks
of data among different sections of graphics memory 158. IF logic 144 also typically
includes a controller (not shown) for regulating direct memory access (DMA) transfers
between graphics controller 140 and memory 120.

Also shown in Fig. 1 is an observation system 160 in accordance with the present
invention for monitoring the performance of graphics controller 140. In the disclosed
embodiment, observation system 160 may be accessed through bus 142 via memory
mapped /O or through CSC 150 of IF logic 144,

Referring now to Fig. 2, there is shown a more detailed block diagram of the
resources of graphics controller 140 (graphics resources). In the disclosed embodiment,
3D pipe 154 includes a geometry set-up engine 210, a mask unit 220, a color pipe 230, a
texture pipe 240, a color calculator 250, and 2 memory interface 260. Geometry set up
engine 210 processes the polygons used to generate 3D images. Mask unit 220 includes
logic to select portions of the polygon data provided by set up engine 210 for display.
Color pipe 230 includes color interpolation logic that identifies pixels within each
polygon and determines the appropriate color and shading for these pixels. Texture pipe
240 includes interpolation logic for mapping texture data onto polygons. A texture cache
244 is also provided for storing texture data. Color calculator 250 processes color data
(pixels) and texture data (texels) from color and texture pipes 230, 240, respectively, and
couples processed data to various graphics surfaces through memory interface 260,

The different graphics resources coordinate their operations through the exchange
of pipeline interlock signals. These include “handshake™ signals that control the flow of
data between different graphics resources. For example, when geometry set-up engine
210 finishes processing polygon data, it may assert a signal to mask unit 220 indicating
that the processed data is ready. Mask unit 220 in turn asserts a signal indicating whether
it has capacity to accept the data. When mask unit 220 lacks capacity, set-up engine 210
is stalled and the signal asserted by mask unit 220 to indicates its lack of capacity
provides an indication of this condition. On the other hand, mask unit 220 is starved if it
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observation system 160 through dedicated lines or private buses to provide an indication
of the status of the various resources. Signals for communicating between components
within these graphics resources may also be monitored. Points from which these signals
may be accessed by observation system 160 are indicated by ellipses in Fig. 2.

Referring now to Table 1A, there is summarized a sample of pipeline interlock
signals or signals that may be derived from them. These signals may be used alone or in

combination to specify events for monitoring and analysis. The signals are organized
according to the device that receives them.

Table 1A

CSC Set-Up | Mask Color | Texture | Texture | Color
Engine Unit Pipe Pipe Cache | Calculat
(SU) | MO) | (€P) | (IP) | (TO) | or(CO
CsC SU MU Cp TPstarved} TCdata | CC stalled
starved starved by | stalled by | starved by | by SU stall by MIF
CSC CP SU
CSC SU stalled | MU CP stalled | TP starved | TC cC
stalled by MU stalled by | by CC by MU RFIFO starved by
TP stall TP
SUstart |MUdone | CPdone |TPdone | TC cC
polygon FFIFO starved by
stall CP
SU finish TC miss
polygon
SU done TC
compare
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Event input signals, particularly those generated in response to workload
instructions, may be refined by selected qualifier signals. These qualifier signals
represent additional information about an underlying transaction or condition, such as the
type and amount of data in a request. In addition, certain resource conditions may have
not be represented by explicit status signals, but the status may be derivable from other
signals associated with the resource. Qualifier information is extracted from the
underlying resource signals and processed through observation module 320 with a
corresponding event input signal. In the disclosed embodiment of observation module
320, event input signals and qualifier signals are combined by CL.U 340, as discussed
below.

Observation system 160 may be programmed to select event input signals
generated in response to any of these signals and process them to analyze specific events
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Command interface 310 includes circuitry to decode these instructions and generate
appropriate control signals for observation module 320. The format of event-monitoring
instructions is discussed below.

Observation module 320 includes an event-generation module 302, a selection
module 304, a signal processing module 306, and a signal analysis module 308. Event
generation module 302 generates event input signals that represent signals detected in
graphics controller 140. Selection module 304 is programmable to pass selected event
input signals to signal processing module 306. Processing module 306 is programmable
to condition event input signals and combine them to define event signals. Analysis
module 308 is programmable to analyze event signals to determine frequencies,
throughput, bandwidth, and queue depth information for selected event signals.

Referring now to Fig. 3B, there are shown embodiments of the various
components of observation module 320 of Fig. 3A. In the disclosed embodiment, event
generation module 302 includes one or more event generators 318(1)-318(n)
(collectively, event generators 318). Selection module 304 includes one or more
programmable input selectors 320(1)-320(m) (collectively, input selectors 320).
Processing module 306 includes a signal conditioning (SC) module 330 and a co-
occurrence logic unit (CLU) 340, and analysis module 308 includes one or more addend
generators 350 and low and high-order accumulators 370, 380, respectively. . Vertical
blocks 314 represent staging latches.

Event generators 318 are coupled to monitor signals at the various locations
indicated in Fig. 2 and produce event input signals that characterize the monitored
signals. In the disclosed embodiment, for example, event generators 318(1), 318(2),
318(c) . . . may monitor signals at the Iocations indicated by ellipses A, B, C, . .
respectively. Monitored signals may be characterized as to their type (starve, stall, cache
read, etc.) and, where applicable, the amount and type of data being transferred.
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coupled to receive a selected event input signal from a corresponding event generator
318. A control input 326 transfers the signal on a selected input to processing module
304, according to an event-monitoring instruction at command interface 310. Input
selectors 320 may be paired to pass selected pairs of event input signals, and selected
signals may be modified by conditioning module 330. Such paiting/conditioning
facilitates bandwidth, queue depth, and latency experiments.

Signal conditioning module 330 is programmable to perform logical operations
on the selected event input signal(s) or convert the selected signal(s) into a format suitable
for use by later stages of observation module 320. In one embodiment of the invention,
signal conditioner 330 supports no operation (NOP), invert, one-shot, and inverted one-
shot operations on event input signals. These operations may be implemented using, for
example, a one-shot mono-stable flip flop.

CLU 340 receives (conditioned, qualified) event input signals and generates event
signals when selected combinations of the (conditioned, qualified) event input signals are
asserted. The selected combinations of event input signals represent transactions or
events of interest in graphics controller 140. Because event signals can be generated by
refining, conditioning, and combining various event input signals, they can represent
events that are more complex and more fully specified than those represented by any of
the monitored signals alone.
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more precisely.

For example, an event of interest may be a texture cache miss during pixel
processing. Tracking and analysis of this event may indicate the need for changes to
texture pipe 240, such as increasing the size of texture cache 244. This event can be
specified by concurrent assertion of a texture cache miss pipeline interlock signal (TC
miss = SigA) and color write requests workload signal (Color Write Req. = SigB). A
co-occurrence event-monitoring instruction specifies this event to CLU 340 as SigA
AND SigB, and an event select instruction programs a pair of selectors 320 to couple
event input signals representing SigA and SigB to processing module 306. The event
input signals are coupled through signal conditioner 330 to CLU 340, which asserts a
corresponding event signal when SigA and SigB are asserted concurrently. If only those
color write requests of, for example, more than 32 bytes are of interest, SigB may be
ANDed with a data size qualifier, and the qualified SigB ANDed with SigA by CLU 340.

Referring now to Fig. 5A, there is shown block diagram of one embodiment of
CLU 340. In the disclosed embodiment, CLU 340 includes a signal qualifier 510, set
operators 520(a)-520(d) (collectively, set operators 520), an interval marker 540, a
histogrammer 550, and a signal router 560. Signal qualifier 510 includes circuitry for
combining an event input signal (EIS) with a qualifier signal (QS) to generate a qualified
EIS (QEIS). In its simplest form, signal qualifier 510 may be an AND gate with QS and
EIS applied to its inputs. QEIS may be provided to signal router 560 for coupling to
analysis module 308, or it may be provided to a set operator 520, for combination with
another EIS or QEIS.

Set operators 520 are programmable to generate signals representing Boolean
combinations of signals applied to their inputs. In the disclosed embodiment, CLU 340
is shown with four 2-input set operators 520, although additional set operators may be
included to provide greater functionality. Set operators 520(b), 520(c), 520(d) are
coupled to generate Boolean combinations of up to 4 signals. In addition, interval
marker 540 is coupled to receive input signals from set operators 520(a) and 520(b) and
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into defined intervals In the disclosed embodiment, histogrammer 550 may be driven by
the output of either set operator 520(d) or interval marker 540. Accordingly, it may be
used to track the duration of events specified by set operators 520(b), 520(c), 520(d) or
intervals between events specified by set operators 520(a) and 520(b).

Referring now Fig. 5B, there is shown a block diagram of an embodiment of set
operator 520. Set operator 520 comprises multiplexers 522, 524, XOR logic gates
526(a)-526(c) (collectively, XORs 526), as well as AND gate 528(a), OR gate 528(b),
and XOR gate 528(c) (collectively, logic gates 528). Multiplexers 522, 524, XORs 526
and logic gates 528 are programmable through function control signals generated by
command interface 310. For exampie, the event signal representing EISC OP EISD is
asserted when (conditioned, qualified) event input signals (Q)EISC and (Q)EISD make
the logic equation true. The disclosed embodiment of set operator 520 can generate event
signals representing (Q)EISC and (Q)EISD individually, as well as Boolean
combinations of these EISs, where OP is AND, NAND, OR, NOR, XOR, XNOR.

DS represents duration signals. These are level triggered signals that remain in a
specified state as long a specified condition is true. EIS signals, on the other hand, are
typically pulsed signals that change state temporarily when an associated event occurs.

Event signals from processing module 306 may be further processed by analysis
module 308 of observation module 320. In the disclosed embodiment, analysis module
308 includes addend generators 360 and accumulators 370, which may be programmed
to track occurrences of selected event signals or perform experiments based on selected
event signals. Accumulators 370 are shown coupled to higher order accumulators 380,
respectively, in a pipelined configuration. This allows tracking of event data at higher
rates than is possible for single stage accumulators, but it is not required for the present
invention.

Addend generators 360 and accumulators 370, 380 allow observation module
320 to simultaneously accumulate data on multiple event signals. Information on, for
example, the quene depth at registers in selected resources and the latency of selected
operations implemented by these resources may be determined from differences between
selected arrival and completion events. Event input signals in table 1B (and some in table
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Here, A and C are the number of arrivals and completions, respectively, that have

occurred during an observation interval, T. The difference between A and C is

accumulated on a per clock cycle (i) basis to yield the busy time B during T. Cisa
 running count of the number of completions during T.

Observation system 160 generates latency data by tracking arrival and completion

_' events, determining the difference between stored values on each clock cycle, summing

~ the difference (busy time) in a first accumulator 370, and summing the number of

- completions in a second accumulator 370. The busy time may also be used to determine
the average queue depth for a resonrce by tracking the number of arrival event signals in
the second accumulator. Bandwidth data may be generated by tracking the size of
arriving data transactions in first accumulator 370 and the number of arrivals in second
accumulator 370.

Referring now to Fig. 6, there is shown one embodiment of addend generator
- 360 that is programmable to implement the above described latency, queue depth, and
bandwidth experiments. Also shown is the coupling between addend generator 360,
CLU 340 and accumulators 370.

Addend generator 360 includes an up/down counter for tracking the number of
outstanding requests in the system. These requests are represented by arrival and
completion event signéls applied to inputs UP, DN. MUXs 620, 630, 640, 650 are
programmable to couple various event signals, including those driving UP, DN inputs of
counter 610, to accumulators 370. In the disclosed embodiment, the event signals are
shown as arrival and completion event signals provided through a pair of input selectors
318(1), 318(2). These signals are used to illustrate latency and queue depth experiments
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of MUXSs 620, 630, 640, 650 are coupled to a control signal, which selects the various

input signals according to a type of expemm:nt to be run. A MUX 660 selects one of the

event signals input to MUX 640.

In the disclosed embodiment, different event signal analyses are triggered by a
select signal (ADD_SEL) applied to MUXSs 620, 630, 640, and 650. For example, if the
a-inputs of MUXs 620, 630, 640, 650 are selected, events A and C are tracked in
accumulators 370(1) and 370(2), respectively. If the b-inputs of MUXs 620, 630, 640,
and 650 are selected, data sizes transferred by A events are tracked in accumulator 370(1)
and the number of A events are tracked in accumulator 370(2). This data can be used to
provide bandwidth data for A events,

The latency of an operation initiated by an event A and completed by an event C
may be determined by selecting c-inputs of MUXs 620, 630, 640, 650 and a-input of
MUX 660. In this case, accumulator 370(1) tracks outstanding requests or busy time
(the difference between number of A and C events), while accumulator 370(2) tracks C
events. The latency is provided by the ratio of the busy time for an interval to the number
of completions during the interval. If b-input of MUX 660 is selected instead,
accumulator 370(2) tracks A events, which can be combined with the busy time
(accumulator 470(1) to indicate the queue depth.

Addend generator 370 thus provides programmable structures for manipulating
event signals defined by input selectors 318 and, if necessary, CLU 340, Alternative
embodiments of observation module 320 may employ different logic combinations for
analyzing event output signals from CLU 340. For example, counters and subtraction
logic may be used in conjunction with accumulators 370, 380 to further analyze event
output signals.

Referring now to Fig. 7, there is shown an embodiment of command interface
310 for'receiving event-monitoring instructions and generating appropriate control
signals to the components of observation module 320. A first interface couples
instructions and related data from CSC 150 to observation module 320, and a second
interface couples instructions and related data between observation module 320 and bus



Referring nowto Fig. 3A there is shown a bl ock di agram of one enbodi nent
of observation system 160. Cbservation system 160 i ncludes a comrand
interface 310 that transfers data and instructions between system 100 and
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generation NoGtiEethe 8B hddBMIIES vAlilde or nore event generators 318(1)-318(n)
(collectively, event generators 318). Selection nodule 304 includes one or

nore programmabl e Tnstputionsdiaar CBE 1582 caypled6 om infut of & SltipleRér\MUN)T20,
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st agi ng | at chfgjudes logic that generates control signals to the components of observation module
: 320 as indicated by EMI. These signal may, for example, reset counter 350 (RESET),
couple one of inputs 324 of selector 322 to signal conditioner 330 (EVENT SELECT), or
identify to CLU 340 one or more signal combinations to be coupled to counters 350
(SET_CO-OCCURENCE). Instruction decoder 740 is triggered whenever a new
command is detected at the first or second command interfaces.

In one embodiment of command interface 310, CSC 150 provides 32-bit event-
monitoring instructions to the first interface in 16-bit segments. In this case a
demultiplexer and register (not shown) are used to concatenate the 16-bit segments into a
32-bit instruction before routing it to MUX 720.

The second interface couples observation module 320 to bus 142 for memory
mapped I/0. In the disclosed embodiment, the second interface receives data from bus
142 and couples data from observation module 320 to bus 142. A MUX 770 routes data
from bus 142 to an address register 764 or an instruction register 768 according to the
state of a signal (P_ADD) applied to its control electrode. Data from bus 142 may
include address data and EMIs. For example, the processor of system 100 may use

memory mapped I/O to deliver event-monitoring instructions to observation interface 310
via bus 142.

Address data from bus 142 is routed to address register 764, where it is decoded
to determine whether data on bus 142 is intended for observation module 320. Data
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A basic set of event-monitoring instructions suitable for programming
observation system 160 are summarized in Table 2. This table indicates the arguments
specified in each instruction and the purpose (use) of the instruction. These instructions
are discussed below in conjunction with Figs. 8A-8D.

TABLE 2
INSTRUCTION ARGUMEN T(S) USE
1 | Reset resource-list synchronous reset of addend
generators/ accumulators
2 | Start/Stop resource-list start & stop addend
generator/accumulator
3 | Sample resource sample addend
generator/accumulator
4 | Sample & Reset resource sample & reset addend generator/
accumulator
5 | Sample & Stop resource sample addend generator/
accumulator & inhibit
6 | Sample Overflow overflow bits sample the overflow bits
7 | Set Sample resource set the sample register to shadow the
OS data register
8 | Set_Event_For_Selector | monitored signal(s) set-up input signal selector &
associated signal conditioner
9 1 Set_Co-Occurrence CLU register & value | set up CLU (function control inputs)
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838 indicates the specific inputs of the indicated input selectors 322 that receive the

targeted event input signals. These event input signal pairs may be selected from a list of

encoded signal pairs.

In a latency experiment, for example, one selector 320 of the pair will be
programmed to select an event input signal representing an arrival event, while the other
selector 320 of the pair will be programmed to select an event input signal representing a
completion event. In a bandwidth experiment, one selector 320 of the pair will select an
event input signal and the other selector 320 will select a data signal that provides
information on the data block size transferred by the associated event. In the disclosed
embodiment of observation system 160, this data block information is provided by the
size encoder of event generator 318. Conditioning fields 846, 847 indicate any
conditioning, e.g. unary logic operations, to be applied to the selected event input and
data block signals.

There has thus been provided an observation system for monitoring and
analyzing the performance of a graphics controller. The system includes a command
interface and an observation module that is coupled to receive signals from various
resources of the graphics controller. The command interface controls logic in the
observation module to select and processes signals according to event monitoring
instructions.
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ent

bandwidth group

set up bandwidth experiment

signal

Referring now to Fig. 8A there is shown a block diagram of an EMI 800 suitable
for instructions 1-7 of Table 2. This instructions controls accamulators 370, 380 of
observation system 300 and includes an operation code (Opcode) field 804 and an
accumulator field 806 for this purpose. Opcode field 804 indicates which of instructions
1-7 is being executed, while accumulator field 806 indicates the targeted accumujator.
For example, A Reset instruction resets the indicated accumulator(s) to a starting value,
which is typically zero. Sample & reset causes the contents of the indicated
accumulator(s) to be read and the accumulator(s) reset. Sample causes the contents of the
indicated accumnlator(s) to be sampled without resetting.

Referring now to Fig. 8B, there is shown a block diagram of a
Set_Event_Instruction (SEI) 820. SEI 820 indicates which event input signals are to be
tracked. Opcode field 812 identifies the type instruction, i.e. SEL. A selector address
field 814 indicates which selector 320 is being used, while a signal select field 818
indicates which input of the selector is to be coupled to processing logic 306. In one
embodiment of the invention, signal select ficld 818 includes a group-select sub-field and
a signal-select sub-field to indicate a general group of signals and a specific signal in the
signal group, respectively. Instruction decoder 740 of command interface 310 converts
data in signal select field 818 into an appropriate control signal for selector 320, A
condition field 816 indicates any logical or other types of operations to be performed on
the selected event input signal by signal conditioner 330.

Referring now to Fig. 8C, there is shown a block diagram of a Set_Co-
occurrence instruction (SCI) 820, suitable for setting up CLU 340 to detect selected

I s asserted when the Bool ean function representing the
I n addition,
nore qualifiers associated with the underlying

i ng
nt



event input signals representing SigA and SigB to processi-ng noeul e 306.
The event input signals are coupled through signal conditioner 330 to CLU
340, which asserts a correspondi ng event signal when SigA and SigB are
asserted coRepubs@g |y. If only those color wite request sp@fnsskdseoexanpl e,
nore than 32 bytes are of interest, SigB may be ANDed with a data size
qualifier, and the qualified SigB ANDed-id th Si gA by CLU 340.

Referring now to Fig. 5A there is shown bl ock di agram of one enbodi nent of
CLU 340. In the disclosed enbodi ment, CLU 340 includes a signal qualifier
510, set operWhaisclamedis) - 520(d) (coll ectively, set operators 520), an

I nterval marker 540 | st ogramer 550, .and .a sign r,out er 560. Si gnal
qual 11 er 51001 norireBmIp ARG Pisrton o A BRI o1 gnal (1 9
with a qual i fdomprisinginal (QS) to generate a qualified EIS (QEIS). Inits

sinmplest form signal qualifier 510 may be an AND gate with .and EI'S
applied to its inputs. a te%?é’eﬁP%dé‘éE?c‘?‘Be‘g’F’&%ﬁ?th’a‘E&‘&? '695‘3;?6'5

coupling to analysis , [ ' oper at or
520, for conbination yn\P?ﬁ&sgﬁ%?(ﬁé?%%&g?%P%m&jﬁ&@%t@%%g&rl%t ors 520
are progranmmabl e t2Aplickeouirolerforglsigrtingeuentsdn thereraphicaepmtralisr indigsd Mt | ons of
signal s applied t e@védaendnitosigpuihsructionst he di scl osed enbodi nent, CLU 340 is
shown with four 2-input set operators 520, although additional set
operators may be included to provide greater functionality. Set operators

520(b), 520(c), 5 d) are, cqupled to generate Boglean conbinations of up
to 4 signal s.g'l n zzi'g’éis%t%?f‘i?ﬂ?ﬁrwg?’e FerElian Modyle COIMPINCY o 1 ecei ve i nput

signals from set oper atagfgﬁaligr%'ﬁilm %gulé g&l&)ﬂh t@tﬂg graphics controller to generate
an event input signal when a corresponding signals is detected in the graphics
controller;

a signal processing module; and

a signal selection module coupled to the command interface, the signal
generation module, and the processing module to couple the event input signal to
the processing module when indicated by the event monitoring instruction.

3. The system of claim 2, wherein the processing module comprises:

a signal condition programmable by the event monitoring instruction to
perform unary operations on the event input signal; and

a co-occurrence logic unit (CLU), programmable by the event monitoring
instruction to detect a selected combination of one or more event input
instructions and generate an event signal when the selected combination is
detected.

4. The system of claim 3, further comprising an analysis module coupled to the
command interface and the CLU to track selected event signals in accordance with an
event monitoring instruction.

5. The system of claim 3, wherein the CLU is programmable to detect event input
signals occurring in a specified Boolean relationship. '

L



-11- indicate the interval between assertion of the two input signals. In
this enbodi nent, interval marker 540 is a one bit state nachine that
asserts an output signal when one of its input signals is asserted and
deasserts thewepdasdsi gnal when its other input signal is REER6498

Hi st ogrammer 550 includes a counter and a conparator to sort signals at its
input into defined intervals In the discld8ed enbodi nent, histogranmer 550
may be driven by the output of either set operator 520(d) or interval

mar ker 540. Accordingly, it may be used to track the duration of events
specified by set operators 520(b), 520(c), 520(d) or intervals between

events specifieg by Hly@heortifnd, whiddifthe hxég&ﬁgﬂermcludesaconﬂ%ﬁﬁt{'éaﬂxg now
Fig. 5B, there IS%%%%Ga block i agram o I e of et ., oper at or

520. Set oper at §Pt N °%29F° et es
526(a)-526(c) (cmnm@duntﬂ&cqls cmt‘sﬁéqulamd\m&nmtrw%wevﬁg&(eat}, OR gate

528(b), and X%gﬁﬁoﬁng%ﬁmoﬁsq%hgﬂhé hics cofblier, 92t €s 528) . Ml ti pl exers
522, 524, XORs 526 and | ogic gates 528 are progranmabl e through function

control signals generated by command interface 310. For exanple, the event
signal representing EISC OP EI SD is asserted when (conditioned, qualified)
event input sighal s Thepmtast qmdnﬂh%@@bmmdenwmeh@gﬁmedéqmcw@n true.

The di scl osed egHaafindsthio ﬁaﬁﬁoa@@@gsmnﬁf@cgﬁ,eesggnerate event signals
representing (QEISC and (Q EISD i ndividually, as well as Bool ean

conbi nati ons of these EISs, where OP is AND, NAND, OR, NOR, XOR, XNOR.
DS represents duration si gnal s. These are level triggered signals that

remain in a spe®ifi khesysigmofclaim J whezeinthe command inteifass inclyrdesiag msprpgtion £| S
si gnal s, on t hedesbdes forldacoding avent-monitoring instructions.

7. The system of claim 1, wherein the observation module is coupled to the graphics
controller through a data interface.

8. The system of claim 7, wherein the data interface includes an address decoder for
routing event data to an indicated destination in the combination logic.

9. A system for monitoring the performance of a graphics controller, the system
comprising:
an instruction decoder for processing an event-monitoring instruction;

a data interface coupled to the graphics controller for receiving a signal
from the graphics controller indicating an operation by one or more resources in
the graphics controller;

observation module coupled to the instruction decoder and the data
interface, for processing the received signal according to the event-monitoring
instruction.

10.  The system of claim 9, wherein the observation module comprises:

an event generator coupled to the data interface to generate an event input
signal when a selected signal from the graphics controller is received;

—_—
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typically pul sed signals that change state tenporarily when an associ at ed
event occurs. Event signals from processi ng nodul e 306 may be
further processed by anal ysi s nodul e 308 of observation nodule 320. In the
di scl osed g@ anal ysi s nodul e 308 incl udes addenccgajsed ks s 360
and accunul ators 370, which may be programred to track occurrences of

sel ected event signals or perform experhgrents based on sel.ected event
signals. Accurnul ators 370 are shown coupled to higher order accumnul ators
380, respectively, in a pipelined configuration. This allows tracking of
event data at hi gher rapreeessingmodule fopgenerting smnventisiggaldn respagee Eeeiplil at or s,

but it is not requféRer indfe vBR inpheGgils ih HyREfitDEombination; and Addend generat or s
360 and accumul ators 370, 380 all ow observation nodule 320 to

si nmul t aneously accunul atlepllﬂaﬁlqmmnmndlmmbdmﬁbmvemgmtgrandmeor mat i on on,
for exanple, the Broedssin %Hﬂeﬁicohﬁl@ﬁﬁ%ﬁéﬁrﬁm&e%@u?ﬁbﬁﬁt&ﬁﬁ%%@ﬁﬁ and the

| atency of sel ect ed erations | ef tb 'G'Y ﬁse resources may be

det erni ned from doft e‘?ﬂ%@vﬁéﬂﬂ%‘h ton} the instctiop Tand conpl etion events.
Event input signals |n table 1B (and sone in table

-12- 1A) may serve to indicate either arrival (a) or conpletion (c)
events. Arrival eTegéystem of claim 10, further comprising an analysis module coupled to track

one or more event signals from the processing module responsive to the event monitoring
instruction.

12.  The system of claim 11, wherein the analysis module comprises:
one or more accumulators; and

an addend generator coupled to the one or more accumulators and the
instruction decoder to route event signals to the one or more accumulators
responsive to an event monitoring instruction processed by the decoder.

13.  The system of claim 9, wherein the signal from the graphics controlleris a
pipeline interlock signal.

14.  The system of claim 9, wherein the signal from the graphics controller is a
workload signal.

15. A system for analyzing the performance of a graphics controller, the system
comprising:
a graphics confroller including resources that communicate via internat
signals;
a command interface coupled to receive event monitoring instructions and
generate control signals responsive to the received instructions;
an observation module coupled to the graphics controller and the
command interface to process selected internal signals from the graphics

Replaced ——
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i nclude, for exanple, signals indicating receipt of read and wite requests
at queues associated with various resources in graphics controller 200.
The correspondi ng conpl etion events include signals indicating conpletion
of the read awe@%#428% requests, e.g. receipt of request e®CHASW26698dat a
successfully transferred to the target resource. Queues

associ ated with resources in graphics comttoller 140 typically service

mul ti pl e resources. Accordingly, |atency and queue depth data is extracted

by nonitoring arr nterest over
a selected interval 'c&ﬁfoll@f’ig ﬁk@e&n&%ﬁ%@l&%ﬂg@%@g%&%@% Er equest is
given by: [err] “te #acsnd C are the nunmber of arrivals and

conpl eti ons, respectl veI y, that have occurred during an observation
interval, T. The difference between A and Cis accunul ated on a per clock

cycle (i ) basi ;4 0 %ggﬁm}mﬁcﬁyﬁﬁ Wh%@xn%xedéf{dhﬁgc&&ﬁ‘er'nﬁﬁﬁesa&%%ﬂg count

of the nunmber of co ur|n

ation stem 160
gener at es Iaterf‘f,r?a“a%\ ‘?rrr%i?gﬁ WW“‘%‘H&“E%??IQE@% m@\ﬁéﬁ?’?"e
det er mi ni ng t hes chupled teemesivelep¢ntenonitosing insthctiodsilsughnheaimand steimcy cl e,
summing the @oﬁtfnﬁfe nce (busy tinme) in a first accunmulator 370, and
sunm ng t he nunber conpletions in a second accumul ator 370. The busy
time may al so be used to determ ne t he average queue depth for a resource
by tracking the nunber of arrival event signals in t he second
accunul at or. Balfdwi Theisystemeof claim b wheninthe abseriafion madide ingluddsan anatysisof

arriving data iR QSgranindbld dlondie g imeithth Vi sRouBHVRARL in”"

arrivals in s e(ige graphics coxﬂrmlier%o provi%e pérformance information on the graphics controller.

18.  The system of claim 17, where in the performance information includes event
frequencies, queue depths, operation latencies, and bandwidth information.

\
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Referring nowto Fig. 6, there is shown one enbodi nrent of addend generat or
360 that is programmable to inplenent the above described | &tency, queue
dept h, and bandw dt h experinents. Al so shown is the coupling between
addend generator 360, CLU 340 and accunul ators 370. Addend
generator 360 WHYHMEs an up/ down countzx for tracking the FERUER26598

out standi ng requests in the_systéMEmBeClﬁﬁdM&sts are represented by
arrival and [receiiepbpthedntemotione! Brirepron 21 Mayl 1981(21 §5198)) otiginalrlaimnG —NBXs 620,
630, 640, 650 are replpeeddy amnnded clatms apd mwhleredaasichinss v 20 (3 miggnhl s, i ncl udi ng
those driving UP, DN inputs of counter 610, to accumulators 370. In the
di scl osed embo®i merfihe system efieleira 1. svhgreit the graphic cantroller inmindes a conshang isgeam

conpl eti on evegsnuslicd forrksutiRg M¥thdBhs ke i ' ol @ S
318(1), 318(2)c Tha?1 ?t%gnél S5 & sed%tiﬁ?%g%sg%téﬁ?gﬁengﬁc%ﬂgueue
depth experi e Ammand Intertace is coupled fo the command stream controller for receiving event- -13-

W t h the undermezitedngipstrystionsahirbiegh tegraphicsicommllar, e. g. event input signal
conbi nati ons defined using CLU 340, nay be simlarly analyzed or
accunul ated by addend generator 360 and accumul ators 370. MJXs 620

and 640 coupl e5;sel egted, event.signals to enabl,e accupul atoys 370(1),
370(2), reggec i veﬁg}?s’gfeglvq ﬁ%ﬁ? l‘q%ﬁ?"ﬁ\’%ﬁ@o%déﬁff&égﬁcﬂﬂgﬁ‘@’%@ﬁ al)s

sel ected to becommands through an I/O address written by the processor.

8. The system of claim 1, wherein the command interface includes an instruction
decoder for decoding event-monitoring instructions.

9. The system of claim 1, wherein the observation module is coupled to the graphics
controller through a data interface.

10.  The system of claim 9, wherein the data interface includes an address decoder for
routing event data to an indicated destination in the combination logic.

11. A system for monitoring the performance of a graphics controller, the system
comprising:

an instruction decoder for processing an event-monitoring instruction;

a data interface coupled to the graphics controller for receiving a signal
from the graphics controller indicating an operation by one or more resources in
the graphics controller;

observation rhodule coupled to thi instruction decoder and the data
interface, for processing the received signal according to the event-monitoring
instruction.

12. The system of claim 11, wherein the observation module comprises:

an event generator coupled to the data interface to generate an event input
signal when a selected signal from the graphics controller is received;

AMENDED SHEET (ARTICLE 19)
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tracked to data inputs (IN) of accunmulators 370(1), 370(2), respectively.
Control inputs of MJUXs 620, 630, 640, 650 are coupled to a control signal,
whi ch selects the various input signals according to a type of experinment
to be run. A MOPBEBsel ects one of the event signals i nputPQTAUSHR66BA0.

In the disclosed embodi ment, different &vent signal analyses are triggered
by a select signal (ADD SEL) applied to MJXs 620, 630, 640, and 650. For

example, if the a-inputspeéesithdSoddOror SeAlratiRf evbin Qighd b re&oRCiEHceiivVeENt s A
and C are tracked iﬁtgoacc%rrul at C{rmj{’ﬁgpzor ) arll gfv(Z ,g resp gtive f/elﬁlf t he

b-inputs of MIXs 620" 638 EAE in3 peg ipatiopapng i zes”
transferred by A event Sﬁﬁﬁtgél%ﬁgﬁﬂ%%gﬁgmhﬁg&r t%Z:Qc(-aJ&}r a(pt(get he nunber of
ator . I's dat’a

A events are tracked in accunu I ¢ can be Used to
provi de bandwi dt h BReessipgmodule {ngeuple the one or moreg fguy signals éotheyproggasiegoer at i on

initiated by an evmotuléreapuhsive tlightle trolth@instiéGor decodery be det ermi ned by
sel ecting c-inputs of MJXs 620, 630, 640, 650 and a-input of MJX 660. In

this case, accunulator 370(1) tracks outstanding requests or busy tine (the
di fference betlgeen unber 2f A and C events), while accunul ator 370(2)
tracks C event'd: THE YsieRot glay 11, fstherromprging aroanalysis modile eaypledtogtack i ne f or
an interval ton¢dérgnoreetret sigialsdommthe piocdssingihbiulgrebgoRsivd o @fe\eaént mohitdimgnput  of
MUX 660 is sekpeh&@ni nstead, accunmul ator 370(2) tracks A events, which can
be conbined wth the busy tinme (accunul ator470(1) to indicate the queue
dept h. Addend generator 370 thus provides progranmabl e structures
for mani pul ati ng event signals defined by input selectors 318 and, if
necessary, CLWA340Thesystem ofitlaimel 3 wherelinnierinslysi§ motitecongiisean nmodul e 320 may
enpl oy different |ogic conbinations for analyzing event output signals from
CLU 340. For exanple, BaATBFE ageimulaisspedction | ogi c may be used in

Sonlupotion with aceumy, 3haha gdthior 2 b ond & meal Sk et S o' P

instruction deceder to route event signals to the one or more accumulators
responsive to an event monitoring instruction processed by the decoder.

15.  The system of claim 11, wherein the signal from the graphics controller is a
pipeline interlock signal.

16.  The system of claim 11, wherein the signal from the graphics controller is a
workload signal.

17. A system for analyzing the performance of a graphics controller, the system
comprising:

a graphics controller including resources that communicate via internal
signals;

a command interface coupled to receive event monitoring instructions and
generate control signals responsive to the received instructions:

an observation module coupled to the graphics controller and the
command interface to process selected internal signals from the graphics

AMENDED SHEET (ARTICLE 19)
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Referring nowto Fig. 7, there is shown an enbodi nent of conmand interface
310 for receiving event-nonitoring instructions and generating appropriate
control signals to the conponents of observation nodule 320. A first
interface coupdeRggbNStructions and related data from CSC g{)mgﬁ,zggger vation
nmodul e 320, anc? a second interface couples instructions and related data
bet ween observation nodul e 320 and bus?4 . :

-14- 142. Wiile the disclosed enbodi nent of conmand interface 310 all ows
comuni cat i ons wi PRTSFES o ST 8P Wé@c?wgﬂwlmlﬁéym bus 142,

al ternative enbodiommand imexfacsupport only one of these sources of
event-nonitoring instructions. The signals coupl ed through the
first interface include a source identity signal (SID), an event-nonitoring

instruction M) ngd..a strobe signal.. SID.is asserted or deasserted
accor di ng toﬁghet%hé:%yg?{go%wn’ib@’ %h&ﬂﬁﬂﬁrg@'ﬂ‘?gﬁéﬁm’t"ﬁﬁﬂ udep g cqmmpand | nt er f ace
(via CSC 150¥reem confeolisefoniatingrommizadsto vetiousisesourtes2nd theeomemtd inifyce EM

i ncl udes fi elsdsurfidd t6 eceibéevehd) méridking sthread® trbsH iPnRhangREéA} | ON to be

per f or med bycq%gr?)@rvati on nodul e 322 and the conponents of observation
n

nodul e 320 i Bd. The strobe si gnal indicates when the SID and EM are
val i d.

19.  The system of claim 17, wherein the observation module includes an analysis
module that is programmable through the command interface to track selected events in
the graphics controller to provide performance information on the graphics controller.

20.  The system of claim 19, where in the performance information includes event
frequencies, queue depths, operation latencies, and bandwidth information.

AMENDED SHEET (ARTICLE 19)



Instructions from CSC 150 are coupled to one input of a multiplexer (MJX)
720, another input of which is coupled to receive instructidns fromthe
second interface. A control input of MJX 720 is coupled to receive SID. MJX
720 coupl es tg%%gtﬁ (EM) fromthe input indicated by SID to an

i nstruction d¥CoABP2740. Instruction decoder 740 includes PGHUS2AEE
generates control signals to the conponents of observation nodule 320 as

i ndicated by EM. These signal nmay, for exanple, reset counter 350 (RESET),
coupl e one of inputs 324 of selector 322 to signal conditioner 330 (EVENT
SELECT), or «identify to CLU 340 one or nore signal conbinations to be
coupled to counters 350 (SETCO OCCURENCE). Instruction decoder 740 is
triggered whenever a new command is detected at the first or second comrmand
i nterfaces. I n one enbodi ment of command interface 310, CSC 150
provi des 32-bit event- nonitoring instructions to the first interface in
16-bit segnents. In this case a denultiplexer and register (not shown) are
used to concatenate the 16-bit segnments into a 32-bit instruction before
routing it to MJX 720. The seogﬂ? i nterface couples observation
nodul e 320 to bus 142 for nmenory mapped [/QO In the disclosed enbodi nent,
the second interface receives data frombus 142 and couples data from
observation nodul e 320 to bus 142. A MJX 770 routes data frombus 142 to an
address register MX or an instruction register 768 according to the state -
of a signal (P-ADD) spplied to its control electrode. Data from bus 142 may

i ncl ude address d and EMs. For exanple, the processor of system 100 may
use nenory napped to deliver event-nonitoring instructions to
observation inter e 310 via bus 142. Address data frombus 142 is
routed to address ister 764, where Lf-fs—detoded—%e—de+e+ﬁFﬁe—whePher
data on bus 142 is intended for observal fenr-mdule _320. Data
wi ] B>
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-15- addressed to,observation nodule 320 is typically an event-nonitoring

instruction, which 1is provided to instruction decoder
Dat a generated by observati on nodul e 320,

event frequeNE2BaTdr nat
t he di scl osed enbodi nent
| atched to bus 142 by a

General |l y, addresses and

such as bandw dth, | atency,

ion, is provided to bus 142 t hr oughCTHISIS/258B.

netruct | i

ed to the control

and instructions provided through GSC_130 are

774,778, and 724, respect
instructions suitable for

ively.
pr ogr anm

sunmari zed in Table 2. This table i

each instruction and the purpose (use)| of tﬁ
i nstructions are di scussed below | n
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1 Reset resource-|ist synchronous reset of

addend generators/ accunulators 2 Start/Stop

resource-li st start & stop addend

gener at or / agggdyphabor 3 Sanple I €SOUr CRcr/Us9s/26698

sanpl e addend generator/accunulator 4 Sanple &
Reset resource sanpl e & reset addend generator/
accurmulator 5 Sanple & Stop resource sanpl e
addend generat or/

accurmul ator & inhibit 6 Sanple Overfl ow overflow bits

sanple the overflow bits 7 Set Sanple resource

set the sanple register to shadow t he CS data register 8

Set Event For _Sel ector nonitored signal (s) set-up input signal selector
& associ at ed signal

conditioner 9 Set Co-Cccunrence3/10 CLU register & value set up CLU

(function control inputs)
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-17- signal conbinations. SCI 820 includes an opcode field 822, a register
address field 824, 'and a register value field 828. Opcode field 822

i ndicates to decoder 740 the instruction type (SCl). Register address field
824 identifi &gosumgi ster associated with one of the resouRCHESHIOW y 340,
e.g. set operators 520, signal qualifier 510, for progranm ng the resource.
Regi ster value field 828 includes a value that encodes, for exanple, a

sel ect ed Bool ean operation to be inplenmented by the identified resource.
This value is witten to the identifiedyyggister to programthe associ.ated

resource. Referring now to Fig. 8D, there is shown a bl ock diagram
of a Set XExperinent instruction (SXI) 840, where X refers to various
experinments thaf arle specified usingthe sane data farogat, e.g

i nstructions 11
a |l atency exper

In thegli sicl osed entodfient, X\ n@& ipdicate
Hept h| egperfi mgry 4 or | Eandwi dth &pef i nent.
an opcbtle ifield 832, a8sellectofl- “paif field

I n each case, D
837, ang an event seleck field 838’ Opcode
[aF=N

834, conditi oni
field 832 identjfi t e—-HstrHetor—type—SXi—t-o—detogder—40—Seteeq

field 834 indichtes| a ket of input selectors 322 that receive the targ®ed
event input sig and event select*field 838 indi cates the swecific
i nputs of the i pU el eqrors—$22 that r t he targetied event
i nput si gnal s. ht I nput sifgr@d  pairs may cted fg&mia |ist
~
o

0
7

of encoded signpl p e 00

37
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In a | atency experinent, for exanple, one selector 320 of the pair wll be
programmed to sel ect an event input signal representing an arrival event,
while the other selector 320 of the pair will be progranmed to sel ect an
event input g&j@RMger EPresenting a conpl etion event. In a Papgdisdidls
experinment, one selector 320 of the pair will select an event input signal
and the other selector 320 wll select a data signal that provides
information on the data bl ock size transferred by the associated event In
t he di scl osed enbodi nent of observation system 160, this data bl ock
information is provided by the size encoder of event generator 318.
Conditioning fields 846, 847 indicate any conditioning, e.g. unary logic
operations, to be applied to the selected event input and data bl ock

si gnal s. There has thus been provided an observation system for
nonitoring and anal yzi ng the peréﬁbnance of a graphics controller. The
systemincludes a comand interface and an observation nodule that is
coupled to receive signals fromvarious resources of the graphics
controller. The command interface controls logic in the observation nodul e

to select and processes signals according to event monitoring instructions.
o ]
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10 Set Addend, . addend sel ectors, set up addend sel ectors (MJXs

620, | at ency/ queue bits 630, 640,
650, 660) 11 Set Latency_ Experinent |atency sel ector pair, set up

| at ency expemomnizss si gnal CRSTAISO$2698n,
event 12 Set_ Queue_Experinment queue selector pair, set up queue
experi nment signal conditioning,

event 13 Set Bandwi dt h_Experim bandw dth group set up bandw dth
experi nment ent si gnal Referring now

to Fig. 8A there is shown a bl ock diagramof an EM 800 suitable for
instructions 1-7 of Table 2. This instructions controls accunul ators 370,
380 of observation system 300 and i ncludes an operation code (Opcode)
field 804 and an accurul ator field 806 for this purpose. Opcode field
804 indicates which of instructions 7 is being executed, while

accunul ator field 806 indicates the targeted accumul ator. For exanple, A
Reset instruction resets the indicated accunulator(s) to a starting val ue,
which is typically zero. Sanple &freset causes the contents of the

i ndi cat ed accunul ator(s) to befpread and the accunul ator(s) reset. Sanple
causes the contents of the i ndgcated accunmul ator(s) to be sanpl ed

Wi t hout resettirregs i g , =5 shown a

bl ock di agram q¢f a Set _Event | gstruction (SEI) 820. SEI ndi cat es

whi ch event ingut sfgnalrs are to Qe
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tracked. Opcode field 812 identifies the type instruction; i.e.« SEL. A

sel ector address field 814 indicates which selector 320 is being used,
while a signal select field 818 i ndi cates which input of the selector is
to be couplvgg”tlﬂ gar ocessing logic 306. In one enbodi mpatrushsiskss

i nvention, 5|gnaf select field 818 includes a group-select sub-field and

a signal -select sub-field to indicate a general group of signals and a

specific signal in the signal group, respectively. Instruction decoder
740 of conmmand interface 310 converts data in signal select field 818
into an appropriate control signal for selector 320. A condition field

816 indicates any logical or other types of operations to be perfornmed on
the sel ected event input signal by signal conditioner 330.

Referring nowto Fig. 8C, there is shown a bl ock diagram of a SetLCo-
occurrence instruction (SCl) 820, suitable for setting up CLU 340 to detect
sel ected -18- What is
clainmed is: A system for noni 7610 ng operation of a graphics
controller, the system conpri sing:
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a command interface.coupled to receive event-nonitoring instructions; and
an observation nodul e coupled to the command interface and to the

graphics controller for detecting events in the graphics controller

i ndi cat ed by WO09%93428®vent -nonitoring instructions. 2. POITAIS3825698 M Of
claim1l1, wherein the observation nodul e conprises: a signal
generation nodul e coupled to the graphics controller to generate an
event input signal when a corresponding signals is detected in the graphics
controller; a signaénaroce33|ng nodul e; and

a signal selection medul e coupled t he co I nterface, the signal
generation nodule, &d the Eroce33|ng nodul e tEFcoupIe t he event i nput
signal to t i@ procepsi ng nodul e when i #di cat ed by the event

nmoni toring instructibn. 3. The system of dl ai hZ, rein the
processi ng nodul e cofprijses: signal copdition
programmabl e by the ent nongtig--ng-i nstructi oN t( = m unary
operations on the everli nput i gnal ;)] and ~| a co-odcurrence
l ogic unit (CLU), progr3g | e|by th¢ event nonitodinds indtruction
to detect a selected conbingtion of ¢ne or nore event Znput
I nstructions and generate ah event silgnal when the sel pcted conbirfation is
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det ect ed. 4. The systemof claim3, further conprising an anal ysis
nodul e coupled to the conmand interface and the CLU to track sel ected event

signals in accordance with an event nonitoring instruction. 5. The
system of @lododyzse Wherein the CLU is programmabl e to detgweinysossdgés | nput
signals occurring in a specified Bool ean rel ati onshi p. 6. The

systemof claim1l, wherein the graphic controller includes a command stream
controller for routing instructig@§ recei ved by the graphics controller and
wherein the command interface is upled to the command stream controller
for receiving event- nonitoring instructions through the graphics

controller. FIG.7
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7. The system of claim1, wherein the conmand interface is coupled to
recei ve commands through an 1/ O address witten by the processor. 8.
The system of claim 1, wherein the command interface includes an

i nstruction cexessassf or decodi ng event-nonitoring instructFCHEos669%,
The system of claim 1, wherein the observation nodule is coupled to the

graphics controller through a data interface. 10. The system of claim
9, wherein the data interface includes an address decoder for routing event
data to an indicated destination in theyggi nation |ogic. 11. A
system for nonitoring the performance of a graphics controller, the system
conpri si ng: an instruction decoder for processing an
event-nonitoring instruction; a data interface coupled to
the graphics controller for receiving a signal fromthe @Na i Ccs
control ler indt I ng an operation by one or nore resources in t he
graphics contr ‘

SXaRThToP 804 L

SAMPLE OPCODE ACCUMULATOR

SAMPLE & RESET

SAMPLE & STOP FIGI 8A

810
S TSELECTOR - OPCODE | SELEGTOR | coND SIGNAL SELECT
820

SET_CO-OCCURRENCE

OPCODE | SELECTOR(a) | SELECTOR(b) | SELECTOR(c)

FIG. 8C

830

SET_LATENCY_EXP

_ 832 834 835 | 836 ' 838
SET.QUEUEEXP | opCODE |SELECTOR-PAIR| CF1 | CF2 | EVENT SELECT

- FIG. 8D




observation nmodul e coupled to the instruction decoder anmueu§at'98/2’6698

interface, for processing the received signal accordi ngm %g JULm
event - moni tori ng i nstruction. yE?. ¢ The syste m-1m

wherein the observation nodul e conpri S€S_jq_ an event

generator coupled to the data interface tg generate an event i nput

signal when a selected signal fromthe graphics controller is received, |
a processing nodul e for generating an event signal in response to receipt

of one or noge ev fﬁf}“ | | \Shel peak f i ' b QBm F@
an input sel gét [ o?ﬁ%rg*u ,et’ggﬁ'g‘f] g’c}ﬁ%%é} rtl ﬁngsgg@g:%{doﬂggg@g@ é@%hg t e.ﬂgstream
processi ng msaurales for satingdnstmetions secsivedby ¢he grpphicssoniselles andwhersinghe cessi ng

modul e 1 espoRsinvRnd thisrL8 N duple@ B the BorhMahd ekmUdnE8? i receivinglevent- 1N€
systemof claim 11, further con‘Frl sing an anal ysis nodul e coupled to track

one or nore ERRIHPNEE stapctions Hiroyshdhe graplcseantrollefdul e responsive to the

event nonitoring

7. The system of claim 1, wherein the command interface is coupled to receive
commands through an I/O address written by the processor.

8. The system of claim |, wherein the command interface includes an instruction
decoder for decoding event-monitoring instructions.

9. The system of claim 1, wherein the observation module is coupled to the graphics
controller through a data interface.

10.  The system of claim 9, wherein the data interface includes an address decoder for
routing event data to an indicated destination in the combination logic.

_— 11. A system for monitoring the performance of a graphics controller, the system
comprising:

an instruction decoder for processing an event-monitoring instruction;

a ata interface coupled to the graphics controller for receiving 2 signal
from the graphics controller indicating an operation by one or more resources in
the graphics controller;

observation module coupled to the instruction decoder and the data
interface, for processing the received signal according to the event-monitoring
instruction.

12.  The system of claim 11, wherein the observation module comprises:

an event generator coupled to the data interface to generate an event input
signal when a selected signal from the graphics controller is received,

L
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iqnstruct I on. 14. The system of cl ai m 13, wherein the MMSS 9£&L/2669£

conpri ses: one or nore accumul ators; and

addend generator coupled to the one or no2& accunul ators ms 22 JULW
i nstruction decoder to route event signals to the one or nore accunulators
responsive to an event monitoring instruction processed by the decoder.

15.  The system of cl ai grodek smF\/ﬂﬁH@!eroﬂééﬂex‘éhﬁg"lﬂievfeh ﬁahﬁl @fp’bﬁ&'ﬁ teFeceipt '
controller is a pldl}e| ine inter

( _ ggg @3- qSﬁ/ m of cl al m 11,
wherei n the si gnal®fPBAT QB edF&‘dHP‘Eé‘ 81 dineeitied combinal si gnal .
17. A t f I t.h h [
oot e o a0l SRS R P B ARl T

resources that corprocessiag emodile to caupiathe one or more input signals to the processing
module responsive to signals from the instruction decoder.

13.  The system of claim 11, further comprising an analysis module coupled to track
one or more event signals from the processing module responsive to the event monitoring
instruction.

14, The system of claim 13, wherein the analysis module comprises:
one or more accumulators; and

an addend generator coupled to the one or more accumulators and the
instruction decoder to route event signals to the one or more accumulators
responsive to an event monitoring instruction processed by the decoder.

15.  The system of claim 11, wherein the signal from the graphics controller is a
pipeline interlock signal.

16.  The system of claim 11, wherein the signal from the graphics controller is a
workload signal.

17. A system for analyzing the performance of a graphics controller, the system
comprising:
a graphics controller including resources that communicate via internal
signals;

a command interface coupled to receive event monitoring instructions and
generate control signals responsive to the received instructions;

an observation module coupled to the graphics controller and the
command interface to process selected internal signals from the graphics

RE O
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: . _ rLi/ud ‘gt? / 26698
si gnal s; a command interface coupled to r n
nonitoring instructions and generate control sign nsZ\@au?!’w
t-he received instructions; -Q-an observation nodul e coupl e "
t he.graphics controller and the command interface to process
selected internal signals fromthe graphics controller to

identify events accammilegrotidentfnévents asdopding o qonavyl sigdistprovided by the  conmmand

i nterface. 18. 1;_{1'% s% of claim 17, wherein the graphics controller
i ncl udes a command~% r%i%"egﬁ%ef’ol | er for routing comrands to vari ous

resources and the command interface is coupled to receive event nonitoring
instructions through the command stream controller. The system of

19.
claim17. whejgin ¥ ' ' | ¢ that
s programmmbl & ¢t AR auity, AR BREE S RN SRR, . T
the graphi cs &Eanreontrelerfer sopiing epmmands & yasioyereseurensiand thercommant éntepfanehi c s
controller. iscoupled to receive event monitoring instructions through the command stream
controller.

19.  The system of claim 17. wherein the observation module includes an analysis
module that is programmable through the command interface to track selected events in
the graphics controller to provide performance information on the graphics controller.

20.  The system of claim 19, where in the performance information includes event
frequencies, queue depths, operation latencies, and bandwidth information.

—_—
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event frequencies,
i nformati on.

“The syst&m of ..claim 19, where in the performance information includes
operation | atenci es, Aol
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