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ABSTRACT

Today, in the world of ASICs and system-on-chip (SoC) designs
which consists of millions of transistors and gates, verification is
the process which consumes most of design efforts and time [4].
One of the major stresses for the verification engineer is to verify
the given design in best possible manner [5]. For this he needs to
cover almost all the hidden corners cases by applying various
real time test cases. This paper will assist the verification
engineers to understand the flow of verification environment for
packet switch IP. We will also learn about the functional
coverage. The language used for verification is SystemVerilog.
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1. INTRODUCTION

SystemVerilog is one of most preferred hardware verification
language used worldwide [6]. To create any Verification IP
(VIP), one need to understand various modules, which are the
part of the verification environment. A design which is to be
verified is commonly known as design under test (DUT). DUT is
like a black box, and verification engineer is least bother about
the internal schematic of the DUT. A set of specification is
provided to verification engineer and he need to develop the
complete VIP after reading the given specifications only.

2. COMMENCEMENT WITH DESIGN
SPECIFICATION

To start with, readers must recall the basic thumb rule of
verification as mentioned above, that the verification engineer is
provided only with the specification booklet [7]. Based on the
given specifications, the verification team develops a VIP. So it
is paramount to understand the given specifications. So here we
will start with understanding the specifications given for DUT.

We need to prepare a VIP for a simple switch which is used to
drive an incoming packet to different output ports of the router.
In a network, the switch acts as a router which has one input port
and various output ports. In this case we have switch with one
input ports and four output ports. Switch works on network layer
of Open System Interconnection (OSI) model. The basic block
diagram is shown in Figure 1.
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Figure 1: Block diagram of switch with various interfaces

2.1 Input condition for switch

Input port is responsible for collecting all the incoming packets.
It consists of two signals; named as data_status and data as
shown in Figure 2. Both the signals are active high.

Ideally, data_status signal is low, when there is no incoming
packet on input port. As soon as any packet needs to enter to the
switch through the input port, switch pulls up the data_status
signal to high value at the rising edge of the clock. The data
signal then carries the packet byte by byte. Switch releases the
data_status signal to low value after receiving all the data bytes.
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Figure 2: Shows the waveform for receiving condition

2.2 Morphology of packet
Packet header consists of three different fields as shown in
Figure 3.
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Figure 3: Shows the different fields of simple packet

All the incoming packets usually consist of 8 bits long
destination address. This 8 bits long destination address is a
unique port address for each output port. This destination address
helps switch to drive the packets to the respective output port.
However, the 8 bits long source address implies the origin of the
packet. Length field is also 8 bits long which imply that we can
have maximum 2° data bytes. If the length field of the packet
contains numeric value 2, it means that particular packet contains
2 bytes of data. The last field is responsible frame check
sequence (FCS). FCS is an extra checksum added for error
detection.
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2.3 Memory

As we know that switch comprises of four output ports and each
output port have special port address which is 8 bits long.
Memory interface is one of important interface which is
responsible for configuring each output port to the unique
address.

Memory interface consists of four signals mem_en, mem_rd_wr,
mem_add and mem_data as shown in Fig. Ideally, mem_en
signal is at “low” value. To configure the output port address,
switch asserts the “high” value to mem_en signal. This enables
the process of configuring the output port addresses. Mem_add
signal carried the port no and mem_data carries 8 bits long
address for the respective port. In this manner a table is generated
for addressing each output port, as shown in Table 1.

Table 1: Port Adrresses

Port Number Port Address
0 0000_0000
1 0000_0001
2 0000_0010
3 0000_0011

2.4 Output condition for switch

Output ports are used to send the packets to different devices
connected to switch in a network. For this switch need to take
care of ready, read and data signals as shown in Figure 4.
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Figure 4: Shows the waveform for output port condition

When the packet is ready to hurl through the output port, switch
pulls up the ready signal. Now when ready signal is high and
read signal is assert to high value, data can be received from the
data signal.

3. INTRODUCTION TO VERIFICATION
ENVIRONMENT

Any verification methodology usually consists of layered
Testbench [1]. This layered structure tends to make the
verification task easier by dividing the complete code into
smaller target modules. This makes it easy to develop and debug
these smaller modules. Figure shows the various layers of the
Testbench.

The Signal layer is bottom most layer of the testbench that
contains DUT and the various signals that connects it to
testbench [2].
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The command layer is the next higher level to signal layer.
Command layer consists of driver, assertion and monitor block.
Driver is the class of verification environment which is
responsible for driving the inputs for DUT. Monitor usually
performs the task of collecting and grouping the signal
transitions into commands. Command layer also holds assertions,
which are responsible for monitoring the individual signals and
changes across an entire command layer.
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Figure 5: Shows the various layers of Testbench [3]

The functional layer contains agent block, scoreboard and
checker block. Agent block is commonly known as transactor
which receives higher level transactions and cleft them into
individual transactions. The scoreboard is responsible to receive
these individual transactions and predicts the results. The checker
is responsible for inspecting the commands received from
monitor and scoreboard. The scenario is used to drive the
functional layer. It provides the protocol specific scenario
generation.

The basic verification environment is shown in Figure 5. Here,
generator is used to create constrained random test vectors which
are fed into the driver and hence can stimulate the DUT. Monitor
is also known as receiver which receives the output from DUT
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for the given stimulus generated by the generator and generates
the verification report. This report is fed into the checker and is
compared with the accepted report generated by scoreboard.
Hence, adding to the coverage report. The object-oriented feature
of SystemVerilog can be used to reinforce the reusability of these
test bench components.

The verification environment also involves the special class
known as interface. This class is used to inter connect the test
program to the DUT. Top module includes instance of memory
interface, input interface, output interface, testcase and DUT.

4. CONCLUSION

In today’s world all the electronic design automation (EDA)
tools are hastily in fabrication labs or for even programming
design functionality into programmable IC’s [8]. EDA
companies make a huge turn over in terms of money. Field
Programmable Gate Arrays (FPGAS) have become a critical part
of every system design [9]. Developing and reusing IP for SOC
verification is always a desired but challenging methodology
[10].

This paper presents a method of creating a simple verification
environment involving almost all the essential objects of the
verification plan. The packet can have a bad fcs kind, if it has
length greater than the data size and similarly it can have good
fcs, if it has length equal to data size. Figure 6, shows simulation
result for one of the packet which can be called as bad test packet

Figure 7, shows simulation result for one of the packet which can
be called as good test packet

The field with the index value 0 and 1 shows the destination
address and the source address respectively. The field with index
value 2 shows length of the data. As we have (ed) 15 which is
equivalent to (237)o This is reason we have the data byte at 237
index value. The next address value (i.e. 238) hold the hex value
which is correspondent to some fcs calculation. The simulation
results also show that scoreboard has successfully received the
packet from the receiver. This received packed is compared with
packet earlier received from the driver. Results show that all the
test packets generated have successfully passed the test. All this
have been achieved by creating an efficient verification
environment by using SystemVerilog language.
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Figure 6: Shows the simulation result for packet with bad FCS kind

fcs_kind + GOOD_FCS
length kmd + GOOD_LENGTH

¢bf f4:60 S:bd 6:43 7:91 8:0 9:32 10:c5 1l:dl 12:4 13.:4de 14 :f9 15:€b 16 :bd 17 :cB 182 7f 19:2d 2050 21312 22:5d 23:7a 2
©95 26:12 27:4a 28 :e9 29 : b6 30:24 31:e0 32:e 33:39 34:eb 35:5e 36:e0 37:1b 38 :b3 39:82 40:5c 41 :4f 42 :fa 43:cT7 44:38 45

0 :1c 47 :6a 48 : f4 49 :a7 50 :d6 51 :a3 52:4e 53 :f0 54 :56 55:37 56:99 57 :b8@ 58 :1f 59 :64 60 :af 61 :53 62:af 63:Db2 64 : 60 6€5:99 66:
6b 67 :2 68 :32 69:15 70:£7 7l:da 72:7b 73 :5c 74 :be 75:8f 76:8f 77 :ef 78 :4d 79:20 80 : 45 81 :22 82 :80 83 :19 84 :c5 85 :Db2 86:20 87 : 3e
88 :8 89:fb 90:29 91 :£7 92:29 93:Db 94 :e6 95:75 96:93 97 : bl 98 : a8 99 : £8 100 : 6f 101 : 69 102 : cb 103 : ¢5 104 : 26 105 : 60 106 : 2f 107 : 61 108 : ab 10
9 :ed110 : 8a 111 : ¢5112 : 66 113 : €0 114 : 0115 : 7e 116 : c6 117 : £3 118 : 42 119 : 1c 120 : ce 121 : 7c 122 : ce 123 : ed 124 : 2b 125 : c6 126 : a 127 : 28 128 : 2f 129 : 41 130 :
b8 131 : 82 132 : 30 133 : 2 134 : df 135 : 8d 136 : b6 137 : 84 138 : 35139 : 7f 140 : £ 141 : 7c 142 : el 143 : 73 144 : 81 145 : £3 146 : 1a 147 : 63 148 : c7 149 : a5 150 : 48 151 : 7f
152 : d8 153 : ba 154 : 4b 155 : c3 156 : 31 157 : 2c 158 : 3e 159 : 57 160 : a5 161 : cc 162 : Se 163 : 12 164 : fc 165 : ad 166 : ad 167 : 9e 168 : 68 169 : 75170 : 2c 171 : 67 172 : d0 1
73 ¢ 41174 : 99175 : €9 176 ¢ S£ 177 : a 178 : a7 179 : bc 180 : 79 181 : dd 182 : 53 183 : 30 184 : b6 185 : 1a 186 : cb 187 : 9e 188 : 8d 189 : df 190 : 2e 191 : 19 192 : cb 193 : el 194
+Tb 195 : 3c 196 : 14 197 : 19 198 : fb 199 : fc 200 : d9 201 : 88 202 : 42 203 : c5 204 : 20 205 : €e 206 : cc 207 : 8b 208 : 6a 209 : 13 210 : e9 211 : 5b 212 : ea 213 : b7 214 : 25 215 :

aa 216 : 18 217 : e9 218 : 23 219 : 67 220 : a8 221 : Ba 222 : 4d 223 : 2c 224 : d5 225 : b7 226
0228:7d229:53230:77231:51232:4c233:2234:8f235:ea236:4
1 15 )

PR e —— in

9250 : Scorebooard : Scoreboard received a packet from receiver
49250 : Scoreboardd :Packet Matched
#\149150 : Environemnt : end of wait_for _end() methed

EEEEEEat] < TEST PASSED “"’9*

# 149150 : Environemnt : end of run() method
$1
# Simulation stop requested.

BT T T Y

Figure 7: Shows the simulation result for packet with good FCS kind
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