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PACKET SEQUENCE

//seq packet parameter  address

IDX1 2 WRITE_A XXXXXXX

NOP WRITE_B n=16 XXXXXXX

IDX1 2 READ_A XXXXXXX

NOP READ_B n=32 XXXXXXX

EXIT - IDLE XXXXXXX
FlG 9

IDLE SEQUENCE

//seq ctr data
IDX1 7 0x00 // idle code (7 words)
RTN 0x00 // idle code

FIG 10

WRITE PACKET

//seq ctrl data
NOP OxOF // start code
NOP REGI=0 0x01 // command

IDXI 2 REG1=REGI"DB1 DB1 // address (2 words)
IDXI 4  REG1=REGI"DB2 DB2 // data (4 words)
NOP REGI//check code
RTN OxFF//end  code

FIG 17
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TEST APPARATUS AND TEST METHOD

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to a test apparatus and
a test method.
[0003] 2. Related Art
[0004] A device for transmitting packets is known. A test

apparatus that tests a device for transmitting packets is also
known.

[0005] Each packet involved in the packet transmission
between devices includes, in addition to the actual data,
redundant data such as a start code, an end code, and a check
code. Therefore, when testing the device for transmitting
packets, the test apparatus must generate a complicated test
pattern that includes such redundant data.

[0006] The device transmitting the packets performs a
handshake with its communication partner. The device trans-
mitting packets may exchange transmission requests and
denials, transmission initiation and completion responses,
transmission successes and failures, and the like, with the
communication partner.

[0007] Furthermore, when testing the device transmitting
the packets, the test apparatus must perform a handshake with
the device under test. While waiting for a response from the
device under test during the handshake, the test apparatus
must also send idle packets and prepare the next transmission
in order to respond quickly. Accordingly, when testing such a
device, the test apparatus must generate a complicated test
pattern.

SUMMARY

[0008] Therefore, it is an object of an aspect of the innova-
tions herein to provide a test apparatus and a test method,
which are capable of overcoming the above drawbacks
accompanying the related art. The above and other objects
can be achieved by combinations described in the indepen-
dent claims. The dependent claims define further advanta-
geous and exemplary combinations of the innovations herein.

[0009] According to a first aspect related to the innovations
herein, one exemplary test apparatus may include a test appa-
ratus that tests a device under test, comprising an upper
sequencer that sequentially designates packets transmitted to
and from the device under test, by executing a test program for
testing the device under test; a packet data sequence storing
section that stores a data sequence included in each of a
plurality of types of packets; and a lower sequencer that reads,
from the packet data sequence storing section, a data
sequence of a packet designated by the upper sequencer and
generates a test data sequence used for testing the device
under test.

[0010] According to a second aspect related to the innova-
tions herein, one exemplary test method may include a
method for testing a device under test with a test apparatus,
comprising providing the test apparatus with an upper
sequencer and a lower sequencer; causing the upper
sequencer to sequentially designate packets transmitted to
and from the device under test, by executing a test program for
testing the device under test; and causing the lower sequencer
to read, from a packet data sequence storing section storing a
data sequence included in each of a plurality of types of
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packets, a data sequence of a packet designated by the upper
sequencer and generate a test data sequence used for testing
the device under test.

[0011] The summary clause does not necessarily describe
all necessary features of the embodiments of the present
invention. The present invention may also be a sub-combina-
tion of the features described above. The above and other
features and advantages of the present invention will become
more apparent from the following description of the embodi-
ments taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 shows an exemplary configuration of a test
apparatus 10 according to an embodiment of the present
invention, along with a device under test 200.

[0013] FIG. 2 shows a configuration of the transmission-
side block 12.
[0014] FIG. 3 shows an exemplary configuration of the data

processing section 32 in the transmission-side block 12.
[0015] FIG. 4 shows an exemplary configuration of the
transmitting section 34 in the transmission-side block 12.

[0016] FIG. 5 shows a configuration of the reception-side
block 14.
[0017] FIG. 6 shows an exemplary configuration of the data

processing section 32 in the reception-side block 14.

[0018] FIG. 7 shows an exemplary configuration of the
receiving section 82 in the reception-side block 14.

[0019] FIG. 8 shows an exemplary data configuration of
procedures, a packet sequence, and packets.

[0020] FIG. 9 shows an exemplary test program indicating
a packet sequence.

[0021] FIG. 10 shows examples of a command sequence
for generating an idle packet and a data sequence included in
an idle packet.

[0022] FIG. 11 shows examples of a command sequence
for generating an idle packet and a data sequence included in
a write packet.

[0023] FIG. 12 shows exemplary timings of the processes
performed by the upper sequencer 22 and the lower sequencer
28.

[0024] FIG. 13 shows a process flow of the test apparatus
10.
DESCRIPTION OF EXEMPLARY
EMBODIMENTS
[0025] Hereinafter, some embodiments of the present

invention will be described. The embodiments do notlimit the
invention according to the claims, and all the combinations of
the features described in the embodiments are not necessarily
essential to means provided by aspects of the invention.
[0026] FIG. 1 shows an exemplary configuration of a test
apparatus 10 according to an embodiment of the present
invention, along with a device under test 200. The test appa-
ratus 10 tests the device under test 200 that sends and receives
packets.

[0027] The test apparatus 10 is provided with a transmis-
sion-side block 12, a reception-side block 14, a main memory
16, and a main control section 18. The transmission-side
block 12 sends packets to the device under test 200 in an order
designated by a test program. The reception-side block 14
receives the packets from the device under test 200 and judges
the acceptability of the communication between the test appa-
ratus 10 and the device under test 200.
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[0028] The main memory 16 stores the test program for
testing the device under test 200. More specifically, the main
memory 16 stores a test program indicating a packet sequence
that designates the order in which the packets are sent to the
device under test 200 and received by the device under test
200. The main memory 16 also stores individual data that is
included in each packet being sent or received and that is
designated independently for each packet.

[0029] The main control section 18 transmits the individual
data and the test program stored in the main memory 16 to the
transmission-side block 12 and the reception-side block 14.
The main control section 18 performs overall control of the
test apparatus 10, including initiating the test, ending the test,
and the like.

[0030] FIG. 2 shows a configuration of the transmission-
side block 12. The transmission-side block 12 includes a
sequence storing section 20, an upper sequencer 22, a packet
command sequence storing section 24, a packet data
sequence storing section 26, a lower sequencer 28, a data
processing section 32, and a transmitting section 34.

[0031] The sequence storing section 20 stores the test pro-
gram indicating the packet sequence. The sequence storing
section 20 receives the test program from the main memory
16 prior to testing or during testing.

[0032] The upper sequencer 22 executes the test program
stored in the sequence storing section 20 to designate the
order of the packets sent and received to and from the device
under test 200. For example, the upper sequencer 22 desig-
nates an address, e.g. a beginning address, in the packet
command sequence storing section 24 of a command
sequence for generating the packets to be transmitted to and
from the device under test 200. The upper sequencer 22 may
further designate an address, e.g. a beginning address, in the
packet data sequence storing section 26 of a data sequence
that includes the packets to be transmitted to and from the
device under test 200.

[0033] In this way, the upper sequencer 22 individually
designates an address of a command sequence for generating
a packet and an address of a data sequence that includes the
same packet. Inthis case, when a data sequence or a command
sequence shared by two or more packets in the test program is
designated, the upper sequencer 22 may designate the address
of'the same data sequence or the same command sequence in
the two or more packets.

[0034] The packet command sequence storing section 24
stores command sequences for generating each of a plurality
of types of packets, in association with each type of packet.
For example, the packet command sequence storing section
24 stores a command sequence for generating a write packet,
a command sequence for generating a read packet, a com-
mand sequence for generating an idle packet, and the like.
[0035] The packet data sequence storing section 26 stores
data sequences included in each of the plurality of types of
packets in association with each type of packet. For example,
the packet data sequence storing section 26 stores a data
sequence included in a write packet, a data sequence included
in a read packet, a data sequence included in an idle packet,
and the like.

[0036] The packet data sequence storing section 26 may
include a common data storing section 40, a common data
pointer 42, a first individual data storing section 44-1, a sec-
ond individual data storing section 44-2, a first individual data
pointer 46-1, and a second individual data pointer 46-2. The
common data storing section 40 stores common data shared
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by each type of packet, respectively, and included in the data
sequences in each type of packet. For example, the common
data storing section 40 stores, for each type of packet, a start
code indicating the start of the packet, an end code indicating
the end of the packet, a command code identifying the type of
the packet, and the like.

[0037] The common data pointer 42 acquires, from the
upper sequencer 22, the beginning address of the block stor-
ing the common data included in the packet designated by the
upper sequencer 22. The common data pointer 42 further
acquires an offset position in the block from the lower
sequencer 28. The common data pointer 42 then supplies the
common data storing section 40 with the address determined
by the beginning address and the offset position, e.g. the
address obtained by adding the offset position to the begin-
ning address, and supplies the data processing section 32 with
the common data stored in this address.

[0038] The first and second individual data storing sections
44-1 and 44-2 store the individual data that is different for
each packet and included in the data sequence in each type of
packet. For example, the first and second individual data
storing sections 44-1 and 44-2 store the actual data received
from the device under test 200 or the actual data sent to the
device under test 200, which is included in each packet.
[0039] The first individual data storing section 44-1 stores
predetermined individual data that is unrelated to the
executed test program. The second individual data storing
section 44-2 stores individual data that changes depending on
the executed test program. For example, the second individual
data storing section 44-2 receives the individual data sent
from the main memory 16 prior to testing or during testing.
[0040] The first and second individual data pointers 46-1
and 46-2 receive, from the upper sequencer 22, the beginning
address ofthe block storing the individual data included in the
packet designated by the upper sequencer 22. The first and
second individual data pointers 46-1 and 46-2 further acquire
an offset position in the block from the lower sequencer 28.
The first and second individual data pointers 46-1 and 46-2
supply the first and second individual data storing sections
44-1 and 44-2 with the address determined by the beginning
address and the offset position, e.g. the address obtained by
adding the offset position to the beginning address, and sup-
plies the data processing section 32 with the individual data
stored in this address.

[0041] The lower sequencer 28 reads the command
sequence of the packet designated by the upper sequencer 22,
i.e. the command sequence at the address designated by the
upper sequencer 22, from the packet command sequence
storing section 24, and sequentially executes each command
included in the read command sequence. The lower
sequencer 28 sequentially reads the data sequence of the
packet designated by the upper sequencer 22, i.e. the data
sequence at the address designated by the upper sequencer 22,
from the packet data sequence storing section 26 according to
the executed command sequence, and generates a test data
sequence for testing the device under test 200.

[0042] The lower sequencer 28 may supply the common
data pointer 42, the individual data pointer 46-1, and the
individual data pointer 46-2 with the offset position indicat-
ing the position of the data corresponding to the executed
command in the block storing the data sequence included in
the packet designated by the upper sequencer 22. In this case,
the lower sequencer 28 may generate an initial value for the
first command and generate the offset position as a count

Samsung Electronics Co., Ltd.
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value that increases incrementally each time the executed
command changes. The command sequence executed by the
lower sequencer 28 desirably does not include a jump forward
command, a branch command, or the like. In this way, the
lower sequencer 28 can perform fast processing with a simple
configuration.

[0043] Thelowersequencer 28 supplies the data processing
section 32 with control data that instructs application of a
designated process, e.g. an operation or data conversion, to
the individual data and the common data read during each
command execution. In this way, the lower sequencer 28 can
set a designated portion of the data in the packet designated by
the upper sequencer 22 to be the data resulting from the
designated process being applied to the read data.

[0044] The lower sequencer 28 instructs the data process-
ing section 32 concerning which of the common data, the
individual data, and the data processed by the data processing
section 32 to output for each command execution. Here, the
individual data may be the predetermined individual data that
is unrelated to the executed test program or the individual data
that changes depending on the executed test program. In other
words, for each command execution, the lower sequencer 28
instructs the data processing section 32 concerning which of
the common data storing section 40, the first individual data
storing section 44-1, the second individual data storing sec-
tion 44-2, or a register storing the data processed by the data
processing section 32 to read and output data from.

[0045] In this way, the lower sequencer 28 can generate a
data portion to be changed depending on the packet in a
packet designated by the upper sequencer 22, based on the
individual data read from the individual data storing section
44. The lower sequencer 28 can generate a data portion com-
mon to each type of packet in a packet designated by the upper
sequencer 22, based on the common data read from the com-
mon data storing section 40. The lower sequencer 28 can
generate a designated data portion, which is data obtained by
applying the designated process to the read data, in a packet
designated by the upper sequencer 22.

[0046] The lower sequencer 28 may supply the upper
sequencer 22 with an end notification indicating that the
execution of the command sequence of the packet designated
by the upper sequencer 22 is completed. In this way, the upper
sequencer 22 can sequentially designate packets according to
the progression of the command sequence execution by the
lower sequencer 28.

[0047] The lower sequencer 28 designates, in the transmit-
ting section 34, edge timings of signals sent to the device
under test 200. For example, the lower sequencer 28 supplies
the transmitting section 34 with a timing signal that controls
the edge timing for each packet.

[0048] The lower sequencer 28 communicates with a
reception-side lower sequencer 28 in the reception-side block
14 described below in relation to FIG. 5. In this way, the
transmission-side lower sequencer 28 in the transmission-
side block 12 can perform a handshake with the reception-
side lower sequencer 28 in the reception-side block 14 to
execute the command sequences in synchronization with the
reception-side lower sequencer 28.

[0049] Forexample, the transmission-side lower sequencer
28 notifies the reception-side lower sequencer 28 that the test
data sequence of a predetermined packet has been sent to the
device under test 200. In this way, the transmission-side lower
sequencer 28 can prohibit the judging section 84 from judg-
ing the acceptability of the data sequence received by the
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receiving section 82 while the reception-side lower sequencer
28 is waiting to receive notification from the transmission-
side lower sequencer 28.

[0050] The transmission-side lower sequencer 28 may
receive notification from the reception-side lower sequencer
28 that a data sequence matching the generated test data
sequence has been received, and then generate the test data
sequence of a predetermined packet. In this way, the trans-
mission-side lower sequencer 28 can send the predetermined
packet to the device under test 200 after receiving a prescribed
packet from the device under test 200.

[0051] The data processing section 32 receives data from
the common data storing section 40, the first individual data
storing section 44-1, and the second individual data storing
section 44-2, applies a process designated by the lower
sequencer 28 to the data, and outputs the resulting data as the
test data sequence. Depending on the content of the designa-
tion by the lower sequencer 28, the data processing section 32
may output the unaltered received data as the test data
sequence. An exemplary configuration of the data processing
section 32 is described in relation to FIG. 3.

[0052] The transmitting section 34 sends the test data
sequence output by the data processing section 32 to the
device under test 200. An exemplary configuration of the
transmitting section 34 is described in relation to FIG. 4.

[0053] FIG. 3 shows an exemplary configuration of the data
processing section 32 in the transmission-side block 12. The
data processing section 32 in the transmission-side block 12
may include one or more registers 52, a first selecting section
54, one or more arithmetic units 56, a converting section 58,
and a second selecting section 60.

[0054] Each ofthe one or more registers 52 stores an opera-
tional process result from a previous cycle. In the present
embodiment, the data processing section 32 includes a first
register 52-1 and a second register 52-2.

[0055] The first selecting section 54 selects, for each cycle,
the data designated by the lower sequencer 28 from among
the common data from the common data storing section 40,
the individual data from each of the individual data storing
sections 44, i.e. the first individual data storing section 44-1
and the second individual data storing section 44-2, the data
from each register 52, i.e. the first register 52-1 and the second
register 52-2, and the data output from the converting section
58. Then, for each cycle, the first selecting section 54 supplies
the selected data to the arithmetic units 56, i.e. the first register
52-1 and the second register 52-2, the converting section 58,
or the second selecting section 60 designated by the lower
sequencer 28.

[0056] The one or more arithmetic units 56 are disposed to
correspond respectively to the one or more registers 52. In the
present embodiment, the data processing section 32 includes
a first arithmetic unit 56-1 corresponding to the first register
52-1 and a second arithmetic unit 56-2 corresponding to the
second register 52-2. Each arithmetic unit 56 may perform
such operations as a logical operation, a four arithmetic
operation, a pseudo-random number generation, or an error-
correcting code generation. For each cycle, each arithmetic
unit 56 performs the operation designated by the lower
sequencer 28 on the data selected by the first selecting section
54 and stores the result in the corresponding register 52.

[0057] The converting section 58 converts the data selected
by the first selecting section 54 using a preset table, for each
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cycle. For example, the converting section 58 performs an
8b-10b data conversion. The converting section 58 outputs
the converted data.

[0058] The second selecting section 60 selects, for each
cycle, the data corresponding to the designated packet from
among the data from selected by the first selecting section 54,
i.e. the data from the first individual data storing section 44-1
the second individual data storing section 44-2, or the com-
mon data storing section 40, the data in the one or more
registers 52, and the data output by the converting section 58.
The second selecting section 60 outputs the selected data as
the test data sequence.

[0059] FIG. 4 shows an exemplary configuration of the
transmitting section 34 in the transmission-side block 12. The
transmitting section 34 may include a serializer 72, a format
controller 74, and a driver 76.

[0060] The serializer 72 converts the test data sequence
received from the data processing section 32 into a serial
waveform pattern. The format controller 74 generates a signal
with a waveform corresponding to the waveform pattern
received from the serializer 72. Furthermore, the signal out-
put by the format controller 74 has a waveform whose logic
value changes at the edge timings designated by the lower
sequencer 28. The driver 76 supplies the device under test 200
with the signal output by the format controller 74.

[0061] FIG. 5 shows a configuration of the reception-side
block 14. The reception-side block 14 has substantially the
same function and configuration as the transmission-side
block 12 shown in FIG. 2. Therefore, components of the
reception-side block 14 that have the substantially same func-
tion and configuration as components of the transmission-
side block 12 are given the same numerals and the following
description includes only differing points.

[0062] The reception-side block 14 includes the sequence
storing section 20, the upper sequencer 22, the packet com-
mand sequence storing section 24, the packet data sequence
storing section 26, the lower sequencer 28, the data process-
ing section 32, the receiving section 82, and the judging
section 84. The receiving section 82 receives the data
sequence of a packet from the device under test 200. An
exemplary configuration of the receiving section 82 is
described in relation to FIG. 7.

[0063] The data processing section 32 in the reception-side
block 14 receives the data sequence received by the receiving
section 82, and outputs the received data sequence together
with the generated test data sequence. An exemplary configu-
ration ofthe data processing section 32 is described in relation
to FIG. 6.

[0064] The lower sequencer 28 in the reception-side block
14 outputs a data sequence that is expected to be output by the
device under test 200, as the test data sequence. The lower
sequencer 28 in the reception-side block 14 sets, in the receiv-
ing section 82, a strobe timing for reading the data values of
the signal output by the device under test 200.

[0065] The judging section 84 receives, from the data pro-
cessing section 32, the test data sequence and the data
sequence received by the receiving section 82. The judging
section 84 judges the acceptability of the communication
with the device under test 200 based on a result obtained by
comparing the data sequence received by the receiving sec-
tion 82 to the test data sequence. For example, the judging
section 84 includes a logic comparing section that determines
whether the data sequence received by the receiving section
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82 and the test data sequence are the same, and a fail memory
that stores the comparison result.

[0066] The lower sequencer 28 in the reception-side block
14 communicates with the transmission-side lower sequencer
28 in the transmission-side block 12 shown in FIG. 2. In this
way, the reception-side lower sequencer 28 in the reception-
side block 14 performs a handshake with the transmission-
side lower sequencer 28 in the transmission-side block 12 to
execute the command sequence in synchronization with the
transmission-side lower sequencer 28.

[0067] For example, the reception-side lower sequencer 28
notifies the transmission-side lower sequencer 28 that a data
sequence matching the test data sequence generated by the
reception-side lower sequencer 28 has been received. In this
way, the transmission-side lower sequencer 28 can receive
notification from the reception-side lower sequencer 28 that a
data sequence matching the generated test data sequence has
been received, and can then generate the test data sequence of
the predetermined packet.

[0068] The transmission-side lower sequencer 28 may pro-
hibit the judging section 84 from judging the acceptability of
the data sequence received by the receiving section 82 until
notification is received from the transmission-side lower
sequencer 28 that the test data sequence of the predetermined
packet has been sent to the device under test 200. In this way,
after sending a prescribed packet to the device under test 200,
the reception-side lower sequencer 28 can judge whether a
response to the prescribed packet has been output from the
device under test 200.

[0069] FIG. 6 shows an exemplary configuration of the data
processing section 32 in the reception-side block 14. The data
processing section 32 in the reception-side block 14 has sub-
stantially the same function and configuration as the data
processing section 32 in the transmission-side block 12
shown in FIG. 3. Therefore, components of the data process-
ing section 32 in the reception-side block 14 that have the
substantially same function and configuration as components
of the data processing section 32 in the transmission-side
block 12 are given the same numerals and the following
description includes only differing points.

[0070] For each cycle, the first selecting section 54 in the
reception-side block 14 further supplies the second selecting
section 60 with the data received by the receiving section 82.
For each cycle, the second selecting section 60 in the recep-
tion-side block 14 further outputs the data received by the
receiving section 82 and supplied from the first selecting
section 54, along with the data of the test data sequence. In
this way, the data processing section 32 in the reception-side
block 14 can receive the data sequence received by the receiv-
ing section 82 and output the received data sequence along
with the generated test data sequence.

[0071] FIG. 7 shows an exemplary configuration of the
receiving section 82 in the reception-side block 14. The
receiving section 82 may include a level comparator 86, a
timing comparator 88, a deserializer 90, and a phase adjusting
section 92.

[0072] The level comparator 86 compares the signal output
by the device under test 200 to a threshold value and outputs
the result as alogic signal. The timing comparator 88 sequen-
tially acquires the data of the logic signal output by the level
comparator 86, at timings designated by the lower sequencer
28. The deserializer 90 converts the data sequence acquired
by the timing comparator 88 into a parallel test data sequence.
The phase adjusting section 92 detects a specification code at
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the beginning of the packet and adjusts the phase at which the
deserializer 90 divides the parallel test data.

[0073] FIG. 8 shows an exemplary data configuration of
procedures, a packet sequence, and packets. The test appara-
tus 10 executes a test program that includes one or more
procedures in series. Each procedure defines the sequence of
the packets sent to the device under test 200 and the sequence
of the packets expected to be received from the device under
test 200.

[0074] The upper sequencer 22 performs such a test pro-
gram to sequentially designate the packets sent to the device
under test 200 and the packets received from the device under
test 200. The lower sequencer 28 receives the sequential
designation of the packets from the upper sequencer 22,
executes the command sequence for generating the desig-
nated packets, and generates the data sequences included in
the packets.

[0075] Each packet includes a start code and an end code,
for example. Each packet may further include a command
that identifies the type of the packet. These start codes, end
codes, and commands are common data shared by all the
types of packets. Accordingly, the lower sequencer 28 gener-
ates such common data by reading the data from the address
designated by the upper sequencer 22 in the common data
storing section 40 storing the common data.

[0076] Each packet includes actual data such as an address
designating a storage position in the device under test 200,
write data that is written to the device under test 200, and read
data that is read from the device under test 200. Such actual
datais individual data unique to each packet. Accordingly, the
lower sequencer 28 generates such individual data by reading
the data from the address designated by the upper sequencer
22 in the individual data storing section 44 storing the indi-
vidual data.

[0077] Each packet includes a check code or the like for
detecting an error in the data included in the packet. Such a
check code is calculated by applying an operation to the data
included in the packet. Accordingly, the lower sequencer 28
uses the arithmetic unit 56 in the data processing section 32 to
generate the check code or the like. Each packet may include
data that is converted according to a prescribed rule, such as
an 8b-10b conversion. In this case, the lower sequencer 28
uses the converting section 58 to convert the generated data
and then outputs the converted data.

[0078] FIG. 9 shows an exemplary test program indicating
apacket sequence. The upper sequencer 22 may execute a test
program including a plurality of commands executed in
sequence, a parameter and packet type corresponding to each
command, and an address indicating a storage position of a
data sequence and a command sequence for generating the
corresponding packet type.

[0079] This test program may include an NOP command,
an IDXI command, an EXIT command, and the like. The
NOP command generates the packet associated with the NOP
command once, and the next command is then executed. The
IDXI command repeatedly generates the packet associated
with the IDXI command a designated number of times, and
the next command is then executed. The EXIT command
generates the packet associated with the EXIT command
once, and the execution of the packet sequence is then ended.
This test program is not limited to including these commands,
and may include other commands such as a branch command
that branches the next command to be executed depending on
whether a designated condition is fulfilled.
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[0080] This test program may further include information
concerning the packet type for identifying a write packet, a
read packet, an idle packet for repeatedly generating a pre-
scribed code, or the like. This test program may include a
beginning address at which the command sequence for gen-
erating the packet is stored, a beginning address of the com-
mon data included in the packet, and a beginning address of
the individual data included in the packet.

[0081] FIG. 10 shows an example of a command sequence
for generating idle packets and a data sequence included in an
idle packet. FIG. 11 shows an example of a command
sequence for generating an idle packet and a data sequence
included in a write packet.

[0082] The lower sequencer 28 may execute a command
sequence including a plurality of commands executed in
sequence, control data corresponding to each command, and
information designating a storage location of output data
corresponding to each command. This command sequence
may identify the storage location of the data as the common
data storing section 40, the individual data storing sections
44, the registers 52, or the converting section 58.

[0083] In FIGS. 10 and 11, the hexadecimal values OxOF
and 0x01 designate the common data storing section 40 as the
data storage location. The value DB1 designates the first
individual data storing section 44-1 as the data storage loca-
tion. The value DB2 designates the second individual data
storing section 44-2 as the data storage location. The value
REG1 designates the first register 52-1 as the data storage
location.

[0084] The command sequence includes an NOP com-
mand, an IDXI command, a RTN command, and the like. The
NOP command outputs the data stored at the address desig-
nated by the pointer in the storage location associated with the
NOP command one time, and the next command is then
executed. The IDXI command repeatedly outputs the data
stored at the address designated by the pointer in the storage
location associated with the IDXI command a designated of
times, and the next command is then executed. The RTN
command outputs the data stored at the address designated by
the pointer in the storage location associated with the RTN
command one time, and the execution then returns to the
upper sequencer 22.

[0085] The command sequence executed by the lower
sequencer 28 desirably does not include a jump forward com-
mand, a branch command, and the like. In this way, the lower
sequencer 28 can perform fast processing with a simple con-
figuration.

[0086] The command sequence includes an operational
expression supplied to the arithmetic unit 56 as the control
data. In the example of FIG. 11, the command sequence
includes an operational expression (REG1=REG1°DB1 or
REG1=REG1"DB?2) that writes an XOR of the output data
and the data in the first register 52-1 back to the first register
52-1. Instead of this expression, the command sequence may
include information designating a conversion process per-
formed by the converting section 58 as the control data.

[0087] FIG. 12 shows exemplary timings of the processes
performed by the upper sequencer 22 and the lower sequencer
28. The upper sequencer 22 may start executing the packet
sequence upon receiving a start signal from the main control
section 18. The upper sequencer 22 designates the packets in
the order according to the packet sequence. The lower
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sequencer 28 executes the command sequence for generating
these packets upon receiving the packet designation from the
upper sequencer 22.

[0088] While the lower sequencer 28 is performing the
command sequence of a certain packet, i.e. before the com-
mand sequence is completed, the upper sequencer 22 may
provide the lower sequencer 28 with the next packet designa-
tion. In this way, the lower sequencer 28 can begin executing
the command sequence of a certain packet immediately after
executing the final command, e.g. the RTN command, of the
previous packet. Here, “immediately after” may refer to the
subsequent cycle.

[0089] FIG. 13 shows a process flow of the test apparatus
10. First, the upper sequencer 22 executes the test program to
sequentially designate the packets sent to and received from
the device under test 200 (S11, S16). Upon receiving the
packet designation from the upper sequencer 22, the lower
sequencer 28 repeatedly executes the processes from step S12
to step S15.

[0090] Upon receiving the packet designation, the lower
sequencer 28 reads the command sequence for generating the
packets from the packet command sequence storing section
24, and performs sequential execution of the commands from
the beginning command. When each command is executed,
the lower sequencer 28 performs the processes of step S13
and step S14 (S12, S15).

[0091] Atstep S13, the lower sequencer 28 outputs the data
corresponding to the current command. At step S14, the lower
sequencer 28 performs the operation or data conversion cor-
responding to the current command. The lower sequencer 28
executes steps S13 and S14 in parallel.

[0092] Uponexecuting the final command, the process flow
returns to the upper sequencer 22, which sends the next packet
designation to the lower sequencer 28 (S15). Upon complet-
ing processing of the final packet in the packet sequence, the
upper sequencer 22 ends the process flow (S16).

[0093] The test apparatus 10 described in the above
embodiment enables the test program indicating the packet
sequence and the command sequences in the packets to be
executed by separate sequencers. Therefore, using the test
apparatus 10 allows the program to be written easily. Further-
more, since the test apparatus 10 can commoditize the data
and the command sequences for generating the common
packet types, the amount of information stored can be
decreased.

[0094] The test apparatus 10 according to the above
embodiment uses the upper sequencer 22 to individually des-
ignate the addresses of the data sequences read by the lower
sequencer 28 and the addresses of the command sequences
executed by the lower sequencer 28. Therefore, the test appa-
ratus 10 can generate different data sequences from the same
command sequence. Accordingly, the test apparatus 10 can
decrease the amount of stored information since it is not
necessary to store a plurality of the same command
sequences.

[0095] The test apparatus 10 causes the data processing
section 32 to perform the designated process, e.g. an opera-
tion or conversion, on the data read from the common data
storing section 40 and the individual data storing sections 44.
In other words, the data processing section 32 can generate an
error detection code and a data conversion to be applied
according to a lower layer, e.g. the layer nearest the physical
layer, in the packet communication. By generating a data
sequence and a command sequence for outputting data in the
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upper layer in packet transmission and separately designating
processes for the lower layer in the packet transmission as
described above, the test apparatus 10 allows the program to
be easily written and decreases the amount of information
stored.

[0096] The test apparatus 10 of the present embodiment
separates (i) the transmission-side block 12 generating the
test data sequence for transmitting signals to the device under
test 200 from (ii) the reception-side block 14 generating the
test data sequence for comparing the signal received from the
device under test 200 with the expected signal, into the upper
sequencer 22 and the lower sequencer 28, respectively. The
test apparatus 10 allows the respective programs for the
reception-side and the transmission-side to be written sepa-
rately, thereby simplifying the program. The test apparatus 10
can enable communication between the transmission-side
lower sequencer 28 and the reception-side lower sequencer
28. In this way, the test apparatus 10 makes it easier to cause
the reception-side lower sequencer 28 to begin operating
according to a trigger that is an event generated on the trans-
mission-side and to cause the transmission-side lower
sequencer 28 to begin operating according to a trigger that is
an event generated on the reception-side, for example.
[0097] The test apparatus 10 may be provided with a plu-
rality of pairs of transmission-side blocks 12 and reception-
side blocks 14. In this case, the main control section 18
provides separate sequences, e.g. separate test programs, to
each pair of a transmission-side block 12 and a reception-side
block 14, so that each pair can operate independently. In this
way, the test apparatus 10 can cause each pair of a transmis-
sion-side block 12 and a reception-side block 14 to operate
out of synchronization with other pairs.

[0098] The main control section 18 may cause each pair of
atransmission-side block 12 and a reception-side block 14 to
operate in synchronization with the other pairs. In this case,
the main control section 18 provides each pair of a transmis-
sion-side block 12 and a reception-side block 14 with the
same sequence, e.g. the same test program, so that the pairs
begin operation in synchronization with each other. In this
way, the test apparatus 10 can test in parallel a plurality of
devices under test 100 provided with the same type or differ-
ent types of packet transmission interfaces.

[0099] While the embodiments of the present invention
have been described, the technical scope of the invention is
not limited to the above described embodiments. It is appar-
ent to persons skilled in the art that various alterations and
improvements can be added to the above-described embodi-
ments. It is also apparent from the scope of the claims that the
embodiments added with such alterations or improvements
can be included in the technical scope of the invention.
[0100] The operations, procedures, steps, and stages of
each process performed by an apparatus, system, program,
and method shown in the claims, embodiments, or diagrams
can be performed in any order as long as the order is not
indicated by “priorto,” “before,” or the like and as long as the
output from a previous process is not used in a later process.
Even if the process flow is described using phrases such as
“first” or “next” in the claims, embodiments, or diagrams, it
does not necessarily mean that the process must be performed
in this order.

What is claimed is:
1. A test apparatus that tests a device under test, compris-
ing:
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an upper sequencer that sequentially designates packets
transmitted to and from the device under test, by execut-
ing a test program for testing the device under test;

a packet data sequence storing section that stores a data
sequence included in each of a plurality of types of
packets; and

alower sequencer that reads, from the packet data sequence
storing section, a data sequence of a packet designated
by the upper sequencer and generates a test data
sequence used for testing the device under test.

2. The test apparatus according to claim 1, further compris-
ing a transmitting section that transmits the test data sequence
to the device under test.

3. The test apparatus according to claim 1, further compris-
ing:

areceiving section that receives a data sequence of a packet
from the device under test; and

a judging section that judges acceptability of the transmis-
sion to and from the device under test based on a result of
a comparison between the test data sequence and the
data sequence received by the receiving section.

4. The test apparatus according to claim 1, further compris-
ing a packet command sequence storing section that stores a
command sequence for generating the plurality of types of
packets, wherein

the upper sequencer designates an address of a data
sequence in the packet data sequence storing section and
an address of a command sequence in the packet com-
mand sequence storing section for each packet transmit-
ted to and from the device under test, and

the lower sequencer reads the data sequence and the com-
mand sequence at the addresses designated by the upper
sequencer to generate the test data sequence.

5. The test apparatus according to claim 4, wherein

when a data sequence or a command sequence common to
two or more packets in the test program is designated,
the upper sequencer designates an address of the same
data sequence or an address of the same command
sequence for the two or more packets.

6. The test apparatus according to claim 1, comprising:

an upper sequencer, a packet data sequence storing section,
and a lower sequencer on a transmission-side relative to
the device under test;

atransmitting section that transmits the test data sequence
generated by the transmission-side lower sequencer to
the device under test;

another upper sequencer, another packet data sequence
storing section, and another lower sequencer on a recep-
tion-side relative to the device under test; and

areceiving section that receives a data sequence of a packet
from the device under test.

7. The test apparatus according to claim 6, wherein

the reception-side lower sequencer notifies the transmis-
sion-side lower sequencer that a data sequence has been
received that matches the test data sequence generated
by the reception-side lower sequencer, and

the transmission-side lower sequencer receives the notifi-
cation from the reception-side lower sequencer and gen-
erates a test data sequence of a predesignated packet.

8. The test apparatus according to claim 6, further compris-
ing a judging section that judges acceptability of the trans-
mission to and from the device under test based on a result of
a comparison between the test data sequence and the data
sequence received by the receiving section, wherein
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the transmission-side lower sequencer notifies the recep-
tion-side lower sequencer that a test data sequence of a
predesignated packet has been transmitted to the device
under test, and

the reception-side lower sequencer prohibits the judging

section from judging acceptability of a data sequence
received by the receiving section, until receiving the
notification from the transmission-side lower sequencer.

9. The test apparatus according to claim 1, wherein

the packet data sequence storing section includes:

an individual data storing section that stores therein
individual data unique to each packet in a data
sequence included in each type of packet; and

a common data storing section that stores therein com-
mon data that is shared amongst each type of packet,
respectively, in a data sequence included in the plu-
rality of types of packets, and

the lower sequencer generates, in a packet designated by

the upper sequencer, a data portion to be changed for
each packet based on individual data read from the indi-
vidual data storing section and a data portion common to
all packet types based on common data read from the
common data storing section.

10. The test apparatus according to claim 9, further com-
prising a data processing section that receives data from the
common data storing section and the individual data storing
section, performs a process designated by the lower
sequencer on the received data, and outputs the processed
data as the test data sequence.

11. The test apparatus according to claim 10, wherein the

data processing section includes:

a register that stores an operational process result from a
previous cycle;

a first selecting section that selects designated data from
among individual data from the individual data storing
section, common data from the common data storing
section, and data from the register;

an arithmetic unit that performs an operation designated by
the lower sequencer on the selected data and stores the
resulting operational process data in the register; and

a second selecting section that selects data designated by
the lower sequencer from among the data selected by the
first selecting section and the data stored in the register,
and outputs the selected data as the test data sequence.

12. The test apparatus according to claim 11, wherein

the data processing section further includes a converting
section that converts the data selected by the first select-
ing section using a preset table, and

the second selecting section selects data corresponding to a
designated packet from among the data selected by the
first selecting section, the data in the register, and the
data output by the converting section, and stores the
selected data as the test data sequence.

13. A method for testing a device under test with a test

apparatus, comprising:

providing the test apparatus with an upper sequencer and a
lower sequencer;

causing the upper sequencer to sequentially designate
packets transmitted to and from the device under test, by
executing a test program for testing the device under
test; and
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causing the lower sequencer to read, from a packet data
sequence storing section storing a data sequence
included in each of a plurality of types of packets, a data
sequence of a packet designated by the upper sequencer
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and generate a test data sequence used for testing the
device under test.
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