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METHODS AND ARRANGEMENTS TO MODEL AN 
ASYNCHRONOUS INTERFACE 

FIELD OF INVENTION 

[0001] The present invention is in the ?eld of clock 
circuits. More particularly, the present invention relates to 
methods and arrangements to model behavior of an asyn 
chronous interface. 

BACKGROUND 

[0002] The push for high speed computing has led to the 
development of high speed, time-constrained, asynchronous 
links such as IBM’s self-timed interfaces (STIs). In fact, the 
STI has been implemented in IBM’s largest servers for 
several generations, providing successively improved input 
output (I/O) subsystem bandWidth capacities. Time-con 
strained, asynchronous links are asynchronous data inter 
faces that transmit data over parallel bit lines via 
independent clock signals that are substantially synchro 
niZed at times. In particular, time-constrained, asynchronous 
interfaces, sometimes referred to as elastic or semi-static 
interfaces, may guarantee synchronous behavior over a 
speci?ed time interval to facilitate data transfers. 

[0003] For purposes of the data transfers, the synchronous 
nature of the elastic interfaces is limited to a time interval 
folloWing the initial transmission and receipt of a test pattern 
of data. The test pattern data is examined to determine the 
timing relationship or skeW pattern betWeen bits received via 
different bit lines of the bus. Thereafter, for the extent of the 
time interval, data crossing the interface may be presumed 
to folloW the same skeW pattern. Receive logic identi?es the 
skeW pattern based upon the test pattern data and determines 
the timing required to synchronously capture subsequent 
data sent across the same interface. 

[0004] Elastic interfaces make use of the knoWledge that 
the change in phase betWeen independently driven clocks 
Will occur over time and that the rate of change is fairly 
constant. In particular, clocks for the elastic interface Will 
stay reasonably in phase for the time interval and, thus, for 
that time interval, the clocks can be vieWed as being 
e?fectively synchronous for data transfers. HoWever, after 
the expiration of the time interval, the elastic interface is 
asynchronous again. 
[0005] When testing circuit performance With regards to 
communication across an elastic interface, circuit designers 
must verify that the circuit can transfer data during the 
speci?ed time intervals. OtherWise, the circuit Will not 
function properly. 

[0006] To verify the circuit’s performance, designers uti 
liZe circuit simulators to simulate the circuit’s performance 
prior to the investment of large amounts of capital to build 
the circuit. Ideally, circuit simulations accurately simulate 
every potentially problematic aspect of the circuit operation. 
The problem With current circuit simulators from the per 
spective of the elastic interface is that skeW/jitter logic is 
employed to model asynchronous behavior. The skeW/jitter 
logic is non-deterministiciie. the phase shift employed for 
a signal is alWays non-static. So skeW/jitter logic cannot be 
used for elastic interfaces or other semi-static interfaces that 
require that the skeW/jitter imposed remains static for a 
period of time. 
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[0007] The current solution for this problem is to employ 
a static skeW pattern. This avoids the de?ciency in circuit 
simulation of the elastic interface. The static skeW pattern 
simulates one skeW pattern of the elastic interface, hoWever, 
this solution fails to simulate asynchronous behavior of the 
elastic interface at the expiration of the synchronous time 
interval, Which is a potentially problematic aspect of the 
circuit operation. 

SUMMARY OF THE INVENTION 

[0008] The problems identi?ed above are in large part 
addressed by methods and arrangements to model an asyn 
chronous interface. One embodiment provides a method to 
model behavior of an asynchronous interface. The method 
may involve generating a ?rst pattern of skeWs for a number 
of bit lines of the asynchronous interface and applying the 
?rst pattern of skeWs to bits associated With the number of 
bit lines during a time interval. Furthermore, the method 
may apply a second pattern of skeWs to subsequent bits 
associated With the number of bit lines after the time 
interval. 

[0009] Another embodiment provides a system to model 
behavior of an asynchronous interface. The system may 
comprise a delay applicator to apply skeWs to bits crossing 
the asynchronous interface via a number of bit lines. The 
system may also comprise a delay generator to generate a 
?rst pattern of the skeWs for the number of bit lines during 
a time interval and to generate a second pattern of skeWs for 
subsequent bits crossing the asynchronous interface via the 
number of bit lines after the time interval. 

[0010] Another embodiment provides machine-accessible 
medium containing instructions to model behavior of an 
asynchronous interface, Which When the instructions are 
executed by a machine, cause said machine to perform 
operations. The operations may involve generating a ?rst 
pattern of skeWs for a number of bit lines of the asynchro 
nous interface and applying the ?rst pattern of skeWs to bits 
associated With the number of bit lines during a time 
interval. The operations may further involve applying a 
second pattern of skeWs to subsequent bits associated With 
the number of bit lines after the time interval. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Advantages of the invention Will become apparent 
upon reading the folloWing detailed description and upon 
reference to the accompanying draWings in Which, like 
references may indicate similar elements: 

[0012] FIG. 1 depicts an embodiment of system level 
circuit simulation to simulate synchronous and asynchro 
nous behavior of a 64-bit point-to-point bus betWeen a 
processor and another chip; 

[0013] FIG. 2 depicts an example of a timing diagram for 
transmission and receipt of bits across an N-bit point-to 
point bus such as the 64-bit point-to-point bus of FIG. 1; 

[0014] FIG. 3 depicts an embodiment of a circuit simula 
tion for application of a skeW to a bit line to simulate 
synchronous and asynchronous behavior of a time-con 
strained, asynchronous interface; 
[0015] FIG. 4 depicts an embodiment of a staged multi 
plexor to equate the probabilities for selection of a skeW 
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from a set of seven different potential skews to model the 
behavior of a bit line of an elastic interface; and 

[0016] FIG. 5 depicts a ?owchart of an embodiment to 
simulate synchronous and asynchronous behavior of bit 
lines of an asynchronous bus. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0017] The following is a detailed description of embodi 
ments of the invention depicted in the accompanying draw 
ings. The embodiments are in such detail as to clearly 
communicate the invention. However, the amount of detail 
offered is not intended to limit the anticipated variations of 
embodiments, but on the contrary, the intention is to cover 
all modi?cations, equivalents, and alternatives falling within 
the spirit and scope of the present invention as de?ned by the 
appended claims. The detailed descriptions below are 
designed to make such embodiments obvious to a person of 
ordinary skill in the art. 

[0018] Generally speaking, methods and arrangements to 
model an asynchronous interface are contemplated. Embodi 
ments include transformations, code, state machines or other 
logic to generate a skew pattern for a semi-static or time 
constrained, asynchronous interface and employ the skew 
pattern in data transfers during a time interval in which the 
asynchronous interface. Embodiments may then alter the 
skew pattern at the expiration of the time interval. In many 
embodiments, changes to the skew pattern may be substan 
tially non-deterministic. In other embodiments, changes to 
the skew pattern may follow a heuristic or other dynamic or 
pre-determined pattern. 

[0019] While speci?c embodiments will be described 
below with reference to particular circuit or logic con?gu 
rations, those of skill in the art will realiZe that embodiments 
of the present invention may advantageously be imple 
mented with other substantially equivalent con?gurations. 

[0020] Turning now to the drawings, FIG. 1 depicts an 
embodiment of system level circuit simulation 100 to simu 
late synchronous and asynchronous behavior of a 64-bit 
point-to-point bus, buses 133 and 135, between a processor 
105 and another chip 140. For instance, processor 105 may 
model behavior of one of IBM’s PowerPC 970 processors 
and chip 140 may model, for example, behavior of a 
memory controller hub designed to operate with processor 
105. 

[0021] Logic associated with transmission of data from 
processor 105 to chip 140 may include a synch counter 107, 
delay applicators 109, delay generators 111, and transmitters 
115 to implement a skew pattern in data transmitted across 
32-bit bus 133. In other embodiments, synch counter 107, 
delay applicators 109, and delay generators 111 may reside 
on the receiver-side of bus 133. In such embodiments, a 
skew pattern may be applied to the initial receive latch of 
receivers 142 rather than the initial send latch of transmitters 
115. Furthermore, embodiments that implement a skew 
pattern on the send side may also model full propagation 
delays. 
[0022] Synch counter 107 may count clock cycles of the 
time interval in which the clocks of bus 133 remain sub 
stantially in phase, referred to as a synch count, to facilitate 
generation of a new skew pattern upon expiration of the time 
interval. In some embodiments, the time interval may vary 
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in accordance with a margin of error associated with the time 
interval. In further embodiments, the synch count for the 
time interval may be reset upon transmission of a test pattern 
of data. 

[0023] While the present embodiment illustrates synch 
counter 107 for the send side of bus 133 and a synch counter 
144 for the receive side of bus 133, other embodiments may 
utiliZe a single synch counter such as synch counter 107 for 
both sides of bus 133. Further embodiments may utiliZe 
synch counter 107 to indicate the end of a time interval for 
more than one bus such as bus 133 and bus 135. In one 

embodiment, other logic is implemented in place of synch 
counter 107 to generate a signal indicative of the end of a 
time interval for synchroniZed data transfer across an asyn 
chronous bus like bus 133 and 135. 

[0024] Delay applicators 109 may apply skews to data in 
113 bits crossing the asynchronous interface via a number of 
bit lines of bus 133. In the present embodiment, several 
possible skews may be applied to each bit line so delay 
generators 111 may generate the skew pattern by selecting a 
signal from available signals for each bit line. In further 
embodiments, delay applicators 109 may apply skews to bits 
after selection of the skew pattern by delay generators 111. 
In such embodiments, for example, delay generators 111 
may select skews for each bit line of bus 133 and delay 
applicators 109 may then apply the skew pattern to bits 
being transmitted across bus 133. 

[0025] Delay generators 111 may generate a ?rst pattern of 
skews for bit lines of bus 133 during a time interval. In many 
embodiments, delay generators 109 may generate an inde 
pendent skew for each bit line of bus 133. The skew patterns 
may be generated by selecting skewed signals from a range 
of predetermined skewed signals available from delay appli 
cators 109. The range may comprise a range of feasible 
skews for bus 133. For instance, delay generators 109 may 
generate 32 random select signals, one for each bit line of 
bus 133, to select from delays input from delay applicators 
109. Then, upon receipt of an indication from synch counter 
107 that the time interval is ending or has ended, delay 
generators 111 may generate new selection signals to modify 
the skew pattern for subsequent bits crossing bus 133 to chip 
140. 

[0026] Transmitters 115 may comprise a simulation of 
physical layer devices adapted to transmit bits across bus 
133 to receivers 142. Similarly, receiver 142 may comprise 
a simulation of physical layer devices adapted to receive the 
bits from transmitters 115. Depending upon the parameters 
of the simulation, transmitters 115 and receivers 142 may 
simulate ideal or less ideal circuitry operation. 

[0027] Synch counter 117, delay generators 119, and delay 
applicators 121 comprise logic to apply a skew pattern to 
bits on the receive side of bus 135. In other embodiments, 
chip 140 may comprise logic such as delay applicators 109 
and delay generators 111 to apply the skew pattern to bits 
prior to transmitting the bits across bus 135. 

[0028] In the present embodiment, transmitters 150 trans 
mit data across bus 135 to receivers 123 without skews 
related to, e.g., differences in temperature and voltage 
between bit lines of the bus, differences in length of the bit 
lines, or the like. In further embodiments, one or more of 
these skews or other skews may be applied to the bits 
crossing bus 135 prior to transmission from chip 140. 
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[0029] Delay applicators 121 may receive the bits and add 
a number of different skews to each bit between the overall 
minimum and maximum latencies expected for the bit lines 
of bus 135. Applying skews between the minimum and 
maximum skews at delay applicators 121 advantageously 
avoids the necessity, in some embodiments, of separate logic 
for modeling a Zero clock cycle skew. 

[0030] Delay generators 119 may randomly select a skew 
pattern for the bits from those provided by delay applicators 
121 based upon an indication from synch counter 117. The 
indication from synch counter 117 may be related to the 
transmission of test pattern data across bus 135 and/or the 
end of a substantially synchronous time interval for bus 135. 
Then delay generators 119 may forward the bits to a skew 
pattern determiner 129. 

[0031] Synch counter 117 may perform a substantially 
similar function as synch counter 107 for bus 135. In some 
embodiments, synch counter 117 may comprise logic 
adapted to decrement a synch count from an initial number 
to Zero and, upon reaching Zero, transmit a signal to delay 
generators 119 to select a new skew pattern. In other 
embodiments, synch counter 117 may comprise part of other 
logic designed for a different and/or related purpose. 

[0032] Synch counter 125 may generate a signal to indi 
cate the end of a substantially synchronous time interval for 
data transfer across bus 135. Synch counter 125 may com 
prise logic to simulate differences potentially encountered 
between signals received at delay generators 119 and signals 
received at skew pattern determiner 129. In other embodi 
ments, skew pattern generator 129 may receive signals to 
indicate the end of substantially synchronous time intervals 
for data transfer across bus 135 from synch counter 117. 

[0033] Skew pattern determiner 129 may receive an indi 
cation from synch counter 125 to demark the end of a ?rst 
time interval of substantially synchronous behavior. Skew 
pattern determiner 129 may then, in response to receipt of a 
new test pattern of bits, determine a new skew pattern for 
data transferred across bus 135 during a second time interval 
of substantially synchronous behavior. The new skew pat 
tern may be stored in current skew pattern 127 and utiliZed 
to organiZe data received during the second time interval. 

[0034] Skew pattern determiner 129 may then apply the 
current skew pattern for the bit lines during the second time 
interval of substantially synchronous behavior and transmit 
the data to other logic via data out 131. Current skew pattern 
127 may comprise memory or logic to maintain the most 
recent valid skew pattern for the bits crossing bus 135. 

[0035] Chip 140 may be a simulation of a companion chip 
for processor 105 such as a memory controller hub, a host 
bridge, a snoop controller, or the like. Synch counter 144, 
skew pattern determiner 146, and current skew pattern 148 
may model receipt and interpretation of data received from 
transmitters 115 in a manner similar to that of synch counter 
125, skew pattern determiner 129, and current skew pattern 
127. 

[0036] FIG. 2 depicts an example of a timing diagram 200 
for transmission and receipt of bits across a bus such as the 
64-bit point-to-point bus of FIG. 1. The timing diagram 200 
depicts increments in skew delay in relation to a series 
latches from latch 1 to latch N. The skew associated with 
latch 1 may be, for instance, a single clock cycle of delay for 
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bit lines marked with an ‘X’ in the column of latch 1. In other 
embodiments, the skew associated with latch 1 may be a 
Zero clock cycle delay to simulate no skew or a negative 
skew, depending upon the time reference associated with the 
latches. In further embodiments, latches may represent two 
or more clock cycles of delay. 

[0037] In the present embodiment, latch 1 represents a 
Zero skew and each successive latch, 2 through N, represents 
the addition of a single clock cycle of delay. Thus, latch 2 
represents a single clock cycle of delay and latch N repre 
sents a clock delay of N-l clock cycles. For example, the 
‘X’ in the row of bit line 1 is under latch one to indicate a 
Zero clock cycle delay for bits received via bit line 1 and the 
‘X’ in the row of bit line N is in the latch 2 column to 
indicate that bits received via bit line N will have a single 
clock cycle skew. Similarly, an ‘X’ in the latch 3 column 
indicates a skew of two clock cycles for bits received via bit 
line 2 and each ‘X’ in the latch 4 column indicates skews of 
three clock cycles for bits received via bit lines 3 and 4. 

[0038] The combination of the clock skews for the bus 
comprising bit lines 1 through N is an example of a skew 
pattern. The skew pattern may be determined by comparing 
the skew of bits of test pattern data transmitted across the 
bus. For instance, the test pattern data on each bit line may 
propagate through a series of latches until all the test pattern 
data is received. Once the test pattern data is received, the 
relative progression of the bits of the test pattern data 
through the series of latches may indicate the skew pattern. 

[0039] Turning now to FIG. 3, there is shown an embodi 
ment of a circuit simulation 300 for application of a skew to 
a bit line to simulate synchronous and asynchronous behav 
ior of a time-constrained, asynchronous interface. The cir 
cuit simulation 300 includes a synch counter 310, a delay 
generator 330, and a delay applicator 340 to model the 
behavior. For instance, synch counter 310 is adapted to 
count a number of cycles, a synch count, which may be the 
number of cycles that synchronous behavior is speci?ed or 
guaranteed for the asynchronous interface. The synch count 
is reset when test pattern data is transmitted across the 
asynchronous interface by producing a reset signal 316. The 
reset signal 316 is produced in response to application of a 
logical one at an input 305, which is indicative of the test 
data being sent. 

[0040] The logical one is applied to an input of ‘OR’ logic 
312. The second input of ‘OR’ logic 312 is the output signal 
326 of synch counter 310, which remains a logical Zero until 
the end of the synch count. Interval counter 320 may 
decrement the synch count down to Zero or count from Zero 

to the synch count. In some embodiments, the synch count 
is ?xed. In other embodiments, the synch count, which is 
counted by interval counter 320, may be changed periodi 
cally. The reset signal 316 restarts the synch count. 

[0041] Once interval counter 320 completes the synch 
count, a skew interval 322 receives a signal indicating that 
the time interval for substantially synchronous behavior of 
the asynchronous interface has expired. In response to the 
signal, skew interval 322 transmits a signal 326 to delay 
generator 330 and possibly to other delay generators for 
other bit lines associated with the same bus or another bus. 

[0042] Delay generator 330 comprises random logic 332 
and multiplexor 334. Random logic 332 may generate a 
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substantially random selection signal for multiplexor 334. In 
some embodiments, the selection signal generated by ran 
dom logic 332 may be selected from equally Weighted 
selection signals. In other embodiments, the selection sig 
nals may be Weighted differently. 

[0043] The selection signal may comprise one or more bits 
and multiplexor 334 may select an input from delay appli 
cator 340 based upon the selection signal. The selection of 
an input from delay applicator 340 in this embodiment 
selects a bit that is delayed by a skeW. In many embodi 
ments, each input from delay applicator 340 may comprise 
the bit delayed by a different skeW and the skeWs may range, 
e.g., from a Zero skeW to a maximum skeW for the corre 
sponding bit line of the asynchronous bus. In further 
embodiments, a Zero skeW option may not be available so 
the skeWs may vary from a minimum skeW to a maximum 
skeW. In still other embodiments, the minimum skeW avail 
able may be less than a Zero skeW or a negative skeW, 
depending upon parameters of the simulation, time refer 
ences selected for the latches, or evaluative tools for the 
logic. 

[0044] Random logic 332 maintains the same signal at the 
input of multiplexor 334 until a signal is received from 
synch counter 310 to generate a subsequent selection signal. 
Then, the subsequent selection signal may be the same or 
different from the prior selection signal in some embodi 
ment. As a result, delay generator 330 selects the same skeW 
for subsequent bits until random logic 332 generates a neW 
selection signal. 

[0045] Delay applicator 340 may receive a bit of bit line 
data and apply a number of different delays to the bit. Each 
delay, Which is Within a selected range of skeWs for the bit 
line, is input into multiplexor 334. To illustrate the present 
embodiment, assume that latches 342 through 348 each add 
a one clock cycle delay to a bit received at the bit line data 
input of latch 342. In other Words, the bit is propagated latch 
to latch toWard latch N through the latches. Selection of the 
output of latch 342 via multiplexor 334 provides the bit With 
a one clock cycle skeW. Similarly, the output of latch 344 
provides a tWo cycle delay, the output of latch 346 provides 
a three cycle skeW, and the output of latch 348 provides an 
N cycle skeW. Latch 350, if enabled via the enable input, 
provides the bit line data With a Zero cycle skeW as an input 
to multiplexor 334. 

[0046] FIG. 4 illustrates an embodiment of a staged mul 
tiplexor 400 to equate the probabilities for selection of a 
skeW from a set of seven different potential skeWs 405, 425, 
and 440 to model the behavior of a bit line of an elastic 
interface. Staged multiplexor 400 or another staged multi 
plexor may be implemented in place of multiplexor 334 of 
FIG. 3 to handle a number of inputs received from delay 
applicator 340 of FIG. 3 that is not a poWer of tWo. 

[0047] Multiplexor (MUX) 420 receives four inputs 405 
from, e.g., a delay applicator and tWo selection signals 410 
and 415 from, e.g., a random logic. The selection signals 
each have an equal chance “1/1” of being a logical one or a 
logical Zero. “1/1” represents the Weighting of a logical Zero 
and a logical one. 

[0048] Similarly, MUX 435 selects betWeen tWo inputs 
425. Selection signal 430 provides a 50% chance of being a 
logical Zero and a 50% chance of being a logical one as 
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indicated by “1/1”. Then, the selected outputs of MUX 420 
and MUX 435 are input into MUX 450. MUX 450 receives 
a selection signal 445 that has a one in three chance “1/3” of 
selecting a logical Zero over a logical one and, as a result, 
provides equivalent probabilities of selecting each of the 
inputs 405 and 425. 

[0049] After selecting from inputs 405 and 425, the 
selected input is applied to an input of MUX 460. The 
seventh possible input 440 is also applied to an input of 
MUX 460. MUX 460 then receives a selection signal 455 
that provides a one in seven chance “1/7” of selecting the 
input 440. The selected input from the seven inputs is then 
sent to other logic via output 465. 

[0050] Referring noW to FIG. 5, there is shoWn a ?owchart 
of an embodiment to simulate synchronous and asynchro 
nous behavior of bit lines of an asynchronous bus. FloW 
chart 500 begins With resetting a time interval count, or 
synch count, in response to sending test pattern data (ele 
ment 510). For example, during initialiZation of a time 
interval of substantially synchronous data transfer on the 
asynchronous bus, test pattern data is transmitted across the 
bus to determine a skeW pattern for data crossing the bus. As 
the test pattern data is transmitted across the bus, the time 
interval count doWn for substantially synchronous behavior 
is restarted. 

[0051] A counter may decrement the time interval count 
each clock cycle (element 515) until the interval expires 
(element 520). Once the time interval count reaches Zero, the 
counter signals logic to generate a random select signal 
(element 525), Which is applied to a select input of, e.g., a 
multiplexor, a multi-stage multiplexor, or similar logic. The 
multiplexor may then select a skeW for a bit line of the 
asynchronous bus based upon the random select signal 
(element 530). For example, the multiplexor may comprise 
several inputs for the bit and each input may add a different 
amount of delay or skeW to transmission of the bit across the 
asynchronous bus. The random select signal may then 
facilitate selection of one of those skeWs in a substantially 
non-deterministic manner. In other embodiments, selection 
of one of those skeWs may folloW a heuristic or other 
dynamic or pre-determined pattern. Then, When the time 
interval for substantially synchronous behavior expires, the 
multiplexor receives a neW select signal to modify the skeW 
pattern again in a substantially non-deterministic manner, 
advantageously modeling the behavior of the time-con 
strained, asynchronous bus. 

[0052] If there are additional bit lines of the bus (element 
540), a substantially non-deterministic skeW may be selected 
for each by generating random select signals (element 525), 
selecting skeWs for each based upon the random select 
signals (element 530), and applying the skeWs to data 
crossing the bit lines of the bus (element 535). Furthermore, 
if the circuit simulation is to continue (element 545), each 
element of ?owchart 500 from element 510 to element 540 
may be repeated. OtherWise, the circuit simulation may end. 

[0053] Another embodiment of the invention is imple 
mented as a program product for implementing a circuit 
simulation such as circuit simulation 100 illustrated in FIG. 
1. The program(s) of the program product de?nes functions 
of the embodiments (including the methods described 
herein) and can be contained on a variety of data and/or 
signal-bearing media. Illustrative data and/or signal-bearing 
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media include, but are not limited to: (i) information per 
manently stored on non-Writable storage media (e.g., read 
only memory devices Within a computer such as CD-ROM 
disks readable by a CD-ROM drive); (ii) alterable informa 
tion stored on writable storage media (e.g., ?oppy disks 
Within a diskette drive or hard-disk drive); and (iii) infor 
mation conveyed to a computer by a communications 
medium, such as through a computer or telephone netWork, 
including Wireless communications. The latter embodiment 
speci?cally includes information doWnloaded from the 
Internet and other netWorks. Such data and/ or signal -bearing 
media, When carrying computer-readable instructions that 
direct the functions of the present invention, represent 
embodiments of the present invention. 

[0054] In general, the routines executed to implement the 
embodiments of the invention, may be part of an operating 
system or a speci?c application, component, program, mod 
ule, object, or sequence of instructions. The computer pro 
gram of the present invention typically is comprised of a 
multitude of instructions that Will be translated by a com 
puter into a machine-readable format and hence executable 
instructions. Also, programs are comprised of variables and 
data structures that either reside locally to the program or are 
found in memory or on storage devices. In addition, various 
programs described hereinafter may be identi?ed based 
upon the application for Which they are implemented in a 
speci?c embodiment of the invention. HoWever, it should be 
appreciated that any particular program nomenclature that 
folloWs is used merely for convenience, and thus the inven 
tion should not be limited to use solely in any speci?c 
application identi?ed and/ or implied by such nomenclature. 

[0055] It Will be apparent to those skilled in the art having 
the bene?t of this disclosure that the present invention 
contemplates methods and arrangements to model behavior 
of an asynchronous interface. It is understood that the form 
of the invention shoWn and described in the detailed descrip 
tion and the draWings are to be taken merely as examples. It 
is intended that the folloWing claims be interpreted broadly 
to embrace all the variations of the example embodiments 
disclosed. 

[0056] Although the present invention and some of its 
advantages have been described in detail for some embodi 
ments, it should be understood that various changes, sub 
stitutions and alterations can be made herein Without depart 
ing from the spirit and scope of the invention as de?ned by 
the appended claims. Although an embodiment of the inven 
tion may achieve multiple objectives, not every embodiment 
falling Within the scope of the attached claims Will achieve 
every objective. Moreover, the scope of the present appli 
cation is not intended to be limited to the particular embodi 
ments of the process, machine, manufacture, composition of 
matter, means, methods and steps described in the speci? 
cation. As one of ordinary skill in the art Will readily 
appreciate from the disclosure of the present invention, 
processes, machines, manufacture, compositions of matter, 
means, methods, or steps, presently existing or later to be 
developed that perform substantially the same function or 
achieve substantially the same result as the corresponding 
embodiments described herein may be utiliZed according to 
the present invention. Accordingly, the appended claims are 
intended to include Within their scope such processes, 
machines, manufacture, compositions of matter, means, 
methods, or steps. 
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What is claimed is: 
1. A method to model behavior of an asynchronous 

interface, the method comprising: 

generating a ?rst pattern of skeWs for a number of bit lines 
of the asynchronous interface; 

applying the ?rst pattern of skeWs to bits associated With 
the number of bit lines during a time interval; and 

applying a second pattern of skeWs to subsequent bits 
associated With the number of bit lines after the time 
interval. 

2. The method of claim 1, further comprising determining 
a skeW pattern betWeen the number of bit lines based upon 
comparison betWeen bits of a test pattern and a pattern of 
received bits. 

3. The method of claim 1, further comprising counting 
clock cycles of the time interval and resetting the time 
interval upon transmission of a test pattern of bits. 

4. The method of claim 1, Wherein generating the ?rst 
pattern comprises generating a selection signal for a multi 
plexor logic to select a skeW for at least one of the bit lines. 

5. The method of claim 4, Wherein generating the ?rst 
pattern comprises selecting the skeW from a set of skeWs via 
the multiplexor logic based upon the selection signal, 
Wherein a probability of selection of the skeW from the set 
of skeWs is predetermined. 

6. The method of claim 1, Wherein applying the ?rst 
pattern comprises applying the ?rst pattern prior to trans 
mission of data across the asynchronous interface. 

7. The method of claim 1, Wherein applying the ?rst 
pattern comprises applying the ?rst pattern upon receipt of 
data at a receiver from the asynchronous interface. 

8. The method of claim 1, Wherein applying the second 
pattern of skeWs comprises generating the second pattern of 
skeWs. 

9. The method of claim 7, Wherein generating the second 
pattern of skeWs comprises selecting skeWs for each of the 
number of bit lines in a substantially non-deterministic 
manner. 

10. A system to model behavior of an asynchronous 
interface, the system comprising: 

a delay applicator to apply skeWs to bits crossing the 
asynchronous interface via a number of bit lines; and 

a delay generator to generate a ?rst pattern of the skeWs 
for the number of bit lines during a time interval and to 
generate a second pattern of skeWs for subsequent bits 
crossing the asynchronous interface via the number of 
bit lines after the time interval. 

11. The system of claim 10, further comprising a synch 
counter to count clock cycles of the time interval to indicate 
an end of the time interval and to restart the time interval 
upon transmission of test pattern data. 

12. The system of claim 10, Wherein the delay applicator 
comprises delay logic to apply the skeWs prior to transmis 
sion of the bits across the asynchronous interface. 

13. The system of claim 10, Wherein the delay applicator 
comprises delay logic to apply the skeWs after receipt of the 
bits from the bit lines. 

14. The system of claim 11, Wherein the delay generator 
couples With the synch counter to generate the second 
pattern of skeWs upon expiration of the time interval, 
Wherein the second pattern of skeWs is substantially non 
deterministic. 
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15. The system of claim 10, wherein the delay generator 
comprises random logic to generate a selection signal for a 
multiplexor logic to select from the skeWs applied to the bits 
crossing the asynchronous interface for at least one of the bit 
lines. 

16. The system of claim 15, Wherein the delay generator 
comprises the multiplexor logic to select from the skeWs 
applied to the bits crossing the asynchronous interface based 
upon the selection signal, Wherein a probability of selection 
of a skeW from the skeWs is predetermined. 

17. The system of claim 15, Wherein the multiplexor logic 
is adapted to independently select a skeW from the skeWs for 
each of the number of bit lines. 

18. A machine-accessible medium containing instructions 
to model behavior of an asynchronous interface, Which 
When the instructions are executed by a machine, cause said 
machine to perform operations, comprising: 
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generating a ?rst pattern of skeWs for a number of bit lines 
of the asynchronous interface; 

applying the ?rst pattern of skeWs to bits associated With 
the number of bit lines during a time interval; and 

applying a second pattern of skeWs to subsequent bits 
associated With the number of bit lines after the time 
interval. 

19. The machine-accessible medium of claim 18, Wherein 
the operations further comprise counting clock cycles of the 
time interval and resetting the time interval upon transmis 
sion of a test pattern of bits. 

20. The machine-accessible medium of claim 18, Wherein 
the operations further comprise determining a skeW pattern 
betWeen the number of bit lines based upon comparison 
betWeen bits of a test pattern and a pattern of received bits. 

* * * * * 


