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Introduction (System Overview)

We present a fully integrated RTL code and self-checking testbench for a Serial Bus with a centralized arbiter, 2
Masters and 3 Slaves. The RTL is implemented with POSEDGE clocks and active-low asynchronous reset. The
System can do Split transactions. The System consists of a Bus arbiter for priority level arbitration amongst the
masters. It also has an address decoder for address mapping and slave selecting.

Design Terminology. (Please Read)

Overall Design
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The master device is a device (like a processor) which wants to do a transaction. It attempts to access the resources
a slave device like a hard drive has via these transactions. However, when you have multiple masters and multiple
slaves, it is important to coordinate all the transactions. The master device interfaces the System Serial Bus using the
Master/Master Interface. Throughout the report we will be referring this master interface as the master. The slave
device interfaces the System Serial Bus using the Slave/Slave Interface. Throughout the report we will be referring
this Slave interface as the Slave.

An Address Decoder is a module used to identify which slave the master is referring to. Commonly slave devices can
be separate devices however the master might not know if is attached to slavel or slave2 etc. The address decoder
is built into the Slave interface. This is a design choice to simplify the overall architecture. It also gives great flexibility
for the slave device as they can be connected in any slave port. It also allows scalability. The address decoder is self-
selecting. It dramatically reduces the no. Of clock cycles taken for a transaction because the address is only transferred
once.

Transactions

A Transaction is the transfer of data from one point of the hardware to another point. A Master initiates a transaction
while a slave responds to that. An address is a location in the slave device which contains data or a place where data
can be written.

A transaction in our design has two phases: Address Transfer phase and A Data Transfer phase. The address
transfer phase sends information to the address decoders in the following format about the address and the type of




operation (read or write) to be performed in that location.

1 1 0 0101010110
Start_bit (always one) | Read_bit Write_bit (~ of the Address
read bit)

Data phase transfers the write/read data between the master and slave. The data phase information in the following
format.

1 0110101010101
Start_bit (always one) Data

Split Transactions

Split transactions improve the overall utilization of the bus by separating (or splitting) the address phase and the data
phase if the slave device is busy. A slave device maybe busy to do any read or write operation because of its internal
operations

If a split transaction occurs, we say that the slave/master is ‘split' or in a ‘split state'. What this means is that the
master will be blocked from using the bus to do any transactions until its current split transaction is over. The slave
will also become unavailable for any transactions from other masters until the split transaction is over. Once the
transaction which was split is completed, the master can continue doing other transactions and the slave will become
available.




Bus Arbiter

Description and State Diagrams

We designed a fully centralized bus arbiter, which can control the flow of all the transactions.

Because the bus can only be used by one master at a time, it is important to assign priority levels for the masters. The
priority level of each master is determined by the port it is connected to the arbiter. If a master is requesting access, the
arbiter will grant access to the master for it to complete its transaction. If multiple masters are requesting access, the
arbiter will grant access to the master with the highest priority and ignore the other masters. Other masters will be
attended once the higher priority master’s transaction is over.

In some cases, the slave might be busy to complete the current transaction. This might be because the read or write
operation cannot be performed at the given time because the slave device connected to the slave is busy.

The arbiter will be at an idle state when both or one of the masters prompt the arbiter for access. Both masters will
request access via the requestin port. Once the arbiter receives the signal, it will first grant access via the
grantAccessOut port to the higher priority master and ignore the other one. The Arbiter will go to a GRANT_STATE
and wait.

During this process, the master will send out its address phase data to all the address decoders of the three slaves. If
the address is within the specific range of an address decoder, that specific address decoder pulls up its relevant
slaveHitIn wire. The other address decoders will pull their relevant slaveHitin wire down. Arbiter would then be able
to recognize which slave the master was addressing. Each master has a respective status register and an occupancy
flag. The hit slave’s ID is then stored in the relevant master’s status register. The master’s occupied flag will be set to
1. Then it goes to the ADDRESSED_STATE.

In the ADDRESSED_STATE, the arbiter checks if the hit slave is ready to perform the data phase transfer using the
swapGrantln signal. The slave would pull this high.

In some cases, the slave may be busy because the slave device is busy. The slave would then pull the splitin signal
high instead of the swapGrantln. If the split in signal is high, the transaction would become a split transaction. The
arbiter then pulls up another flag reserved for each master, the mSplitOut flag. Then The arbiter would go back to the
IDLE state and service any other master’s requests. The mSplitOut flag would block that master from completing any
other operation. The occupancy flag would show the master is in the blocked state.

If the slave was not busy, and the data transaction is possible, the system would move back to the GRANT_STATE.
Here the data phase part of the transaction would complete. Once the master completes the transaction, it pulls the
dimissedlIn signal high, indicating the transaction is over. This will move the arbiter to the IDLE state.

After a while, the slave device can become free to complete the transaction. The Slave would then pull the unsplitin

indicating the split transaction can complete. The unsplitln has a higher priority than the other master’s requests. (the
reason for that is described in Special Case 01) . The arbiter then moves to the RELEASE_STATE.

In the release state it does multiple things. Sometimes there will be multiple masters in split state. Multiple slave
devices can become free at the same time. Thus, it is important the higher priority master’s split transaction is
completed first. It then procedurally checks if each master’s occupancy flag is high starting from the high priority
master.

If the occupancy flag is high, it is an indication that master is in the split state. The arbiter would then check that
master’s status register to see which slave it was communicating with. It then checks if that slave generated an
unsplitln signal. If so, it sets released_flag and gives that master access to the bus via the GRANT_STATE. Here the
data phase part of the transaction would complete. Once the master completes the transaction, it pulls the dimissedin
signal high, indicating the transaction is over.



If the occupancy flag is not high, it checks the next master.

Special Case 01

In some cases, after a transaction is split, a different master might have gotten access to the bus by the arbiter, but
however it can attempt to access a slave which is already in the split state. However, this must be prevented. At this
case, a dismissed signal will be initiated by the slave, it will remove the master’s grant and the arbiter will go back to
the idle state. However, this cycle can repeat multiple times until the slave becomes available by completing its split
transaction. Now to make the slave available we want to make sure it completes its split transaction thus unsplit
operations are given higher priority compared to master requests. (if not, a high priority master can repeatedly request
split slave and block the split slave from becoming free by completing its split transaction, this will complete block the

system)
10 Definition

Name Source/Sink Description

clk Top Clock

rst_reset Top This reset is to reset flops in reset synchronizer of the whole design.

reset Top Asynchronous reset of the whole design.

[NUM_OF_SLAVES-1:0] Slaves A signal from the slave indicating the current transaction is being converted

splitin to a split transaction.

[NUM_OF_SLAVES-1:0] Slaves A signal from the slave indicating that it is ready to complete and resume its

unsplitin split transaction as its slave device became available.

dismissedIn Masters This is a signal from the slave. If a master attempts to access a slave which is
already in the split state, then this signal from the slave would remove the bus
access from that master and bring the arbiter to an idle state.

[NUM_OF _MASTERS-1:0] Masters Masters use this line to request the arbiter permission to use the BUS.

requestin

[NUM_OF_MASTERS-1:0] Masters Used to signal if which masters are in a split state.

masterSplitStateln

[NUM_OF_MASTERS-1:0] Masters Used to unblock a master from its split state so it can complete the rest of the

masterReleasedOut split transaction.

[NUM_OF_MASTERS-1:0] Masters Avrbiter uses this to give access to the bus for a specific bus. Additionally, it

grantAccessOut set the multiplexors which directs the address phase and data phase data.

[NUM_OF_SLAVES-1:0] Address Indicates if the address is within the range of the slave

slaveHitIn Decoder

[NUM_OF_SLAVES-1:0] Slaves Indicates the slave is ready for data transfer.

swapGrantin

[NUM_OF_SLAVES-1:0] Slaves Once the arbiter wants the slave to complete the split transaction. It uses this

slaveReleasedOut to signal out.

[NUM_OF_MASTERS-1:0] Masters This is used to put a master into a blocked state.

mSplitOut

Timing Diagram

Normal Transaction
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A: Here we see both the masters requesting, now at B, the arbiter gives access to the high priority master. Then the
master accesses the address decoders. At C, you can notice one of the address decoders indicate that it is the one the
master is referring. At D, the swapGrantin is given out by the slave indicating it is ready for the data transfer. After
this the data transfer occurs between the master and slave. At D, After the transaction is over, the master will use the
dismissedIn signal to indicate the transaction is over.

Split Transaction
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The A,B,C,D,E are the same as the previous.

The Red shows the initial transaction which was split. The Blue is another transaction. The Green signals are the
signal relevant to the split operation. At G you can see the splitln signal from the relevant slave. When the slave
becomes available, it signals via the unsplitln, which is the H signal. After the blue transaction is done, the arbiter
goes back to handling the red transaction.



Master

Description and State Diagrams

A Master or Master Interface is something that interfaces a master device which is capable of initiating transactions. A
master device can request the master to perform a particular operation such as read or write by giving it the address,
data and the type of operation it wants done.

Then the master would continuously keep requesting the arbiter until it is given the grant signal. If the grant is given, it
will send out the address and the type of operation to all the address decoders and wait for the arbiter’s response. The
address and type of operation is sent in the following format. {1} {01 if read and 10 if write} {Address}. This
completes the first phase of the transaction, the address phase.

In some cases, the slave might initiate a split operation via the splitin signal. Then the Master will be kept in a
‘locked' state known as the split state by the arbiter. In this state, the master will not be able to do any other transaction
until its split transaction is complete. It can become unblocked if the arbiter gives the releasedIn signal, then it can
move to the data phase and complete the transaction. If the slave doesn’t initiate the split operation, the transaction
would move to the data phase.

In the data phase, the moment the slave gives the preSwapln signal, it simply swaps the data between the slave and its
internal registers and presents it to the master device (if it is a read operation) and go back to an IDLE state. It signals
the arbiter the transaction is complete using the dismissedOut signal.

10 Definition

Name Source Description

clk Top Clock

rst_reset Top This reset is to reset flops in reset synchronizer of the whole design.

reset Top Asynchronous reset of the whole design.

bossRequestin Master Device This is the signal used by the master device to request for a transaction

[ ADDR_BUS WIDTH-1:0] Master Device The Master Device send the address bits parallelly into this port

bossAddressin

bossAddressValidln Master Device This indicates if the address in the BossAddressin is valid or not

bossReadIn Master Device The Master device indicates if it wants a read operation done via this port on
the given address.

bossWriteln Master Device The Master device indicates if it wants a write operation done via this port on
the given address for the given data via BOSS_DATA_IN

[ DATA_BUS WIDTH-1:0] Master Device The Master Device writes whatever data it wants to be written to the slave

bossDataln here.

bossDataValidln Master Device This indicates if the data in bossDataln is valid or not.

splitin Arbiter Signal from the slave indicating the transaction is being split

grantAccessin Bus Arbiter The arbiter grants access to the BUS via this port. This signal initiates the
transaction in the master interface.

preSwapln Slave This is a signal by the slave indicating that it is ready to do the data transfer,
or the data phase of the transaction.

releasedIn Bus Arbiter Once the arbiter wants the master to complete the split transaction, it will pull
the releasedIn high, unblocking the master so it resumes its task.

dataln Slave Data is taken in as a bitstream from the Slave

addrReadylIn Address This is a signal from the Address decoder if it is ready to accept an address

Decoder phase transaction

dataAddrReadyOut Master device This is a signal from the Master indicating it is about to initiate a transaction
and send out address and data.

masterSplitOut Arbiter If the master was blocked because it is doing a split transaction, it will
continuously give this signal indicating it is blocked. Used by the arbiter to
grant access to the bus once the split transaction resumes.

[ DATA_BUS_WIDTH-1:0] Master Device Data from the read operation is presented to the master device via this bus.

bossDataOut

dataOut Slave Data is sent out via this port as a bitstream to the respective slave.

requestOut Avrbiter The Master requests the arbiter for grant via this port

addrOut addrDecoder The serial port used to send the address bitstream

endOut Avrbitor and Master uses this to signal the end of a transaction and handover control of the

Master device bus to the arbiter
masterBusyState Master Device This indicates if the master is free to do a transaction to the Master Device.
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Timing Diagrams

Read operation

{ master | nber face |

A: The Boss requests the master to do a transaction
B: Arbiter grants access to the bus for the master to do the transaction

C: Upon granting, it checks if the address decoder is ready for the transaction and sends out the address phase data
serially to the address decoder

D: Once the Preswapin signal comes in from the slave, which indicates the slave is ready to send data, the data
transfer will happen during the E phase. After the data transfer phase is complete, the master will signal out using E
indicating the transaction is complete.

Read operation After Being Split in the Middle
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A,B,C,D,E,F are the same as the read operation tags. At G, after the receival of At G, after the receival of the address,
the slave checked to see if the slave device is available. However, since it was busy, it goes into the split state and
inform the master and arbiter. Once the arbiter wants the master to resume and complete its split transaction, it will
send out a released signal at H, which will let the master complete the remaining phase of the transaction.

Write Operation

[ st | ke face |

TG0

T To6660 [T

A: The Boss requests the master to do a transaction

B: Arbiter grants access to the bus for the master to do the transaction. At this point the data required to be
transferred is loaded to the data shift register for the transaction

C: Upon granting, it checks if the address decoder is ready for the transaction and sends out the address phase data
serially to the address decoder

D: Once the Preswapin signal comes in from the slave, which indicates the slave is ready to receive data, the data
transfer will happen during the E phase. After the data transfer phase is complete, the master will signal out using E
indicating the transaction is complete.
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Write Operation After Being Split in the Middle

A,B,C,D,E,F are the same as the write operation tags. At G, after the receival of the address, the slave checked to see
if the slave device is available. However, since it was busy, it goes into the split state and inform the master and
arbiter. Once the arbiter wants the master to resume and complete its split transaction, it will send out a released signal
at H, which will let the master complete the remaining phase of the transaction.




Address Decoder

Description and State Diagrams

Each Slave interface or slave has an address decoder. This is a design choice to increase flexibility, code readability
and scalability. It dramatically reduces the no. Of clock cycles taken for a transaction because the address is only
srially transferred once. Thus, the address decoder is self-selecting.

Usually, all the slave’s address decoders receive the address phase bitstream serially, which it loads to a shift register
via the shift register’s least significant bit register. The address phase bitstream's most significant bit is 1. The next
two bits after the MSB in the address phase bitstream indicates if it is a read or write operation and the remaining bits
the address. Once a complete address is loaded into the shift register, the shift register’s MSB goes high (as per our
protocol, the start bit of the address stream is always high), indicating a once empty shift register is now full.

Each address decoder would then check if the address portion of the data is within the corresponding slave device’s
range. If it is out of range, it will clean the shift register and ignore the signal.

If it is within the range, it will check if the slave is currently in a split state. If the slave is in a split state, it will inform
that the transaction cannot be performed and inform the arbiter.

If the address is within the range and the slave is also not split and the slave is ready, it will send out an addrValidOut
signal out to the slave indicating the next transaction phase can start. The address phase data would be given to the
slave for the next part of the transaction.

10 Definition

Name Source Description

clk Top Clock Signal

rst_reset Top This reset is to reset flops in reset synchronizer of the whole design.

reset Top Asynchronous reset of the whole design.

addrin Master Address phase data is received as a bitstream via the master here.

splitin Slaves This signal comes from the Slave which indicates if the slave is currently in
split state.

doneln Slaves The address will be continuously available in the addrOut after a successful
address transfer, once this signal comes the address decoder will wipe out its
memory and go back to idle state.

addrReadylIn Slaves A Slave signal indicating if it is ready to accept address data.

[ ADDR_OUT_BIT_WIDTH - 1] Slave The valid address phase data is given parallelly to the slave via this port.

addrout

addrValidOut Slaves This is a signal indicating that the address in AddrOut is a valid address.

ackSignalOut Masters, Slave | This is a signal given out at the same time as addrValidOut which transfers
the masters and slaves to the data transfer phase.

readyOut Master A General signal which indicates if the address decoder is idle. Once a
complete address is loaded into the address decoder register, it goes low
indicating it is not in that state.

slaveHitOut Arbiter This is a signal indicating the address send is within the slave’s range

Timing Diagrams

The following is a case where address data bitstream is being available to two address decoders. One of them is the
target address decoder and the other is not. Z(i): Data is being send in via the "AddrIn" port of each address decoder.
Simultaneously it is being loaded into each shift register of the address decoder at Z(ii).

A : At this point, the data has successfully been loaded to both the shift registers (MSB of the shift register becomes
one) and it commences checking.

B: Here it was found out Address decoder 1 was not the target, thus it clears the register and goes back to idle state.

C: However, Address decoder 2 found it was the target, thus it loads the data and as the addrReadyln was 1, it
presents the data out via addrOut.

D: Because the doneln signal was high, the address presented at AddrOut is cleared by clearing the shift register.
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Slave Module

Description and State Diagrams

A Slave or Slave Interface is something that interfaces a Slave device.

After receiving the addrValidin signal from the address decoder, the slave either initiates a Split transaction or
completes the transaction depending on if the slave device is busy or not.

If the slave device is not busy. It will look at the address phase data to determine if it is a write operation or a read
operation

READ Operation: First it checks if the read bit of the address phase bitstream is 1 or not. If so, it initiates a read
transaction and goes into the FETCH_DATA_STATE. In this state, it requests the slave device for data for the
address. Once the data is received, it will initiate a preSwapOut signal. This signal is used to synchronize the data
transfer with the master. Then the data is sent out to the master and the operation is complete.

WRITE Operation: First it checks if the write bit of the address phase bitstream is 1 or not. If so, it initiates a write
transaction by sending out a preSwapOut signal to the master. The data bitstream from the master is then loaded into
its internal registers. Then the slave will send the data out to the slave device and get it written for that specific
address. Once the write is successfully complete the slave ends the transaction.

If the slave device is not ready, the slave interface would initiate a split instruction. It goes to the SPLIT_STATE. It
will remain in that state until the slave device is free and not busy. Once the slave device is available, it will go to the
UNSPLIT_STATE and request the arbiter to complete the split transaction. The arbiter will release the slave from the
split state using the releasedIn signal. Then the slave completes the remaining transaction.

10 Definition
Name Source Description
clk Clock Clock
rst_reset Out This reset is to reset flops in reset synchronizer of the whole design.
reset Out Asynchronous reset of the whole design.
dataln Master Data bitstream from the master comes here.
[ DATA_BUS_WIDTH-1:0] Slave Device The data for the read operation is presented here by the slave device
slaveDataln
slaveDataValidln Slave Device This signal indicates the data for the read operation presented by the

slaveDataln is valid or not.

addrValidin

Address Decoder

A signal indicating if the address data information in the addrin is valid or
not

[ ADDR_IN_BIT_WIDTH-1:0] | Address Decoder Here the valid address phase data, such as the address, start bit, write and

addrin read bits are presented into the slave by the address decoder. All this
information would be stored in a register for later use.

busyln Slave Device This indicates the state of the slave device. If it is busy or available for the
operation.

releasedin Bus Arbiter

slaveWriteResponseln Slave Device This is a signal indicating that the write operation done on the slave device
with the address and data provided at slaveDataOut and slaveAddrOut is
complete.

dataOut Master The Data bitstream to the slave is send from here.

slaveDataValidOut Slave Device This signal is pulled up if the data presented at slaveDataOult is stable

[ DATA_BUS_WIDTH-1:0] Slave Device The data to be written to the Slave device it presented out from here.

slaveDataOut

slaveAddrValidOut Slave Device Indicates the address being presented in the slaveAddrOut is valid address
for the slave device.

[ ADDR_BUS WIDTH-1:0] Slave Device The address for read or write operation is presented to the slave device via

slaveAddrOut this port.

splitOut Arbiter This indicates the Slave is currently in the Split state, meaning the slave
device was busy

unsplitOut Arbiter Once the Slave device is not busy, the unsplit out signal brings the slave

back to its UNSPLIT mode of operation, there it waits till the released
signal from the bus arbiter. Once it receives the releasedIn from the bus
arbiter, it can iniatiate the rest of the split transaction.




S R b o o o T bt A AR A R

AR R A RRRLRLLL

slaveReadEnOut Slave Device This sends a signal to the slave device indicating there is a read operation
to be performed.

slaveWriteEnOut Slave Device This sends a signal to the slave device indicating there is a write operation
to be performed.

addrReadyOut Address Decoder A signal from the slave indicating it is ready to receive addresses.
Primarily send to the address decoder.

addrDoneOut Address Decoder An acknowledgement from the slave to the address decoder so the address
decoder registers are cleared out.

preSwapOut Master/Arbiter Once the slave is ready the send out data to the master, it signals using the
preSwapOut signal throughout the data transfer operation (predominantly
used in the data phase of the transaction). This is used in both read and
write operations.

swapGrantOut Arbiter This is a signal indicating that the slave is ready to move into the data
transfer phase

slaveDataReadyOut Slave device Indicates the data is ready to be read in

Timing Diagrams

([ shave interface )

Read Operation

A: The Address phase data is presented here, and it is confirmed as valid via the addrValidin.

B: The Address phase data is loaded into the internal registers of the Slave here.

C: The Slave presents the address data to the slave device and requests for a read operation for that address.

D: Slave Device presents the data for the given address; the slave loads that data into its internal registers at E and

prepares to send that data to the Master.

F: Here the data is sent out to the master, after which the slave goes into IDLE state.

Read Operation (after being Split in the middle)
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The A,B,C,D,EF are just as the same as the "Read' operation tags. Here because the Slave Device was busy, at G, the
slave goes into split mode of operation by pulling the splitOut high. It stays in this state until the slave device becomes
available by pulling the busy to low. At this point the unsplitOut signal is send out to the bus arbiter requesting

permission to use the bus to complete the transaction. Once bus arbiter sends out the released signal(J), the slave
resumes the normal mode of operation.

Write Operation

A: The Address phase data is presented here, and it is confirmed as valid via the addrValidin.
B: The Address phase data is loaded into the internal registers of the Slave here.

C: The write data for the given address is loaded here from the master.

D: THe address, and the data is then presented to the slave device for writing.

E: Once the slave device completes the write operation, it signals via the slaveWriteResponse indicating the
transaction was successful.
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Write Operation (after being Split in the middle)

The A,B,C,D,E,F are just as the same as the Write operation tags. Here because the Slave Device was busy, at G, the
slave goes into split mode of operation by pulling the splitOut high. It stays in this state until the slave device becomes
available by pulling the busy to low. At this point the unsplitOut signal is send out to the bus arbiter requesting

permission to use the bus to complete the transaction. Once bus arbiter sends out the released signal(J), the slave
resumes the normal mode of operation.
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Design Name: Top module
Module Name: top

Project Name: System Bus

Additional Comments:

module top (

clk,
rst reset,
reset,

bosslRequestIn,
boss2RequestIn,

bosslAddressIn,
boss2AddressIn,

bosslAddressValidIn,
boss2AddressValidIn,

bosslReadlIn,
boss2ReadlIn,

bosslWriteln,
boss2Writeln,

bosslDataln,
boss2Dataln,

bosslDatavalidIn,
boss2DatavalidIn,

slavelDataln,
slavez2Dataln,
slave3Dataln,

slavelDataValidIn,
slavez2DataValidIn,
slave3DataValidIn,

slavelWriteResponseln,
slave2WriteResponseln,
slave3WriteResponseln,

slavelBusyIn,
slave2BusylIn,
slave3BusylIn,

bosslDatalOut,
boss2Datalut,

bosslDataValidOut,
boss2DatavValidout,

slavelDataValidOut,
slave2DataValidOut,
slave3DataValidOut,

slavelDataOut,
slave2DataOut,
slave3DataOut,

slavelAddrValidOut,
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130

131
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slave2AddrValidOut,
slave3AddrValidOut,

slavelAddrOut,
slave2AddrOut,
slave3AddrOut,

slavelReadEnOut,
slave2ReadEnOut,
slave3ReadEnOut,

slavelWriteEnOut,
slave2WriteEnOut,
slave3WriteEnOut,

slavelDataReadyOut,
slave2DataReadyOut,
slave3DataReadyOut,

bosslDataAddrReadyOut,
boss2DataAddrReadyOut,

boss1NoAddressOut,
boss2NoAddressOut,

bosslTransIncompleteOut,
boss2TransIncompleteOut

)

NNV

// Parameters

N o o
parameter MASTER INT STATE REG WIDTH
parameter ADDR DECODE STATE REG WIDTH
parameter NUM OF MASTERS

parameter NUM OF SLAVES

parameter DATA BUS WIDTH

parameter ADDR BUS WIDTH

parameter ADDR SERIAL BIT WIDTH
parameter DATA SERIAL BIT WIDTH
parameter SLAVEl ADDR RANGE BEGIN
parameter SLAVE1l ADDR RANGE END
parameter SLAVE2 ADDR RANGE BEGIN
parameter SLAVE2 ADDR RANGE END
parameter SLAVE3 ADDR RANGE BEGIN
parameter SLAVE3 ADDR RANGE END
JI111770700001177777771700071777101117777777170000077007111117177771000007771111111]

// Local Parameters

3!
Z‘I
2;
3;

TE.
lo;

//////////////////////////////////////////////////////////////////////////////////
localparam ADDR _OUT BIT WIDTH
ADDR_SERIAL BIT WIDTH - _;

L1117 7777770777777 777 7777777777 777777777777777777777777777777777

// I/0 Pins

NNV

input
input
input
input
input
input
input
input

bosslAddressValidIn;

input

boss2AddressValidIn;

input
input
input
input
input

[ ADDR BUS WIDTH - |

[ ADDR BUS WIDTH - |

[ DATA BUS WIDTH - |

O O

—_—

clk;

rst reset;
reset;
bosslRequestlIn;
boss2RequestIn;
bosslAddressIn;
boss2AddressIn;

bosslReadlIn;
boss2ReadlIn;
bosslWriteln;
boss2Writeln;
bosslDataln;



136
137
138
139
140
141
142

143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

181

input [ DATA BUS WIDTH

input
input

input [ DATA BUS WIDTH
input [ DATA BUS WIDTH
input [ DATA BUS WIDTH

input
slavelDataVvalidIn;
input
slavezDataVvalidIn;
input
slave3DatavalidIn;
input
slavelWriteResponseln;
input
slave2WriteResponseln;
input
slave3WriteResponseln;
input

input

input

output [ DATA BUS WIDTH -
output [ DATA BUS WIDTH -

output
bosslDataValidOut;
output
boss2DataValidOut;
output
slavelDataValidOut;
output
slave2DataValidOut;
output
slave3DataValidOut;

output [ DATA BUS WIDTH
output [ DATA BUS WIDTH
output [ DATA BUS WIDTH

output
slavelAddrValidOut;
output
slave2AddrValidOut;
output
slave3AddrValidOut;

output [ ADDR BUS WIDTH
output [ ADDR BUS WIDTH
output [ ADDR BUS WIDTH

output

output

output

output

output

output

output
slavelDataReadyOut;
output
slave2DataReadyOut;
output
slave3DataReadyOut;
output
bosslDataAddrReadyOut;
output
boss2DataAddrReadyOut ;
output
bosslNoAddressOut;
output
boss2NoAddressOut;
output
bosslTransIncompleteOut;
output
boss2TransIncompleteOut;

boss2Dataln;
bosslDataValidIn;
boss2DataValidlIn;
slavelDataln;
slave2Dataln;
slave3Dataln;

slavelBusyIn;
slave2BusylIn;
slave3BusylIn;
bosslDatalOut;
boss2Datalut;

slavelDataOut;
slave2DataOut;
slave3DataOut;

slavelAddrOut;
slave2AddrOut;
slave3AddrOut;
slavelReadEnOut;
slave2ReadEnOut;
slave3ReadEnOut;
slavelWriteEnOQut;
slave2WriteEnQut;
slave3WriteEnOQut;



182
183
184
185
186
187

188

189

190

191
192
193
194
195
196
197
198
199
200
201
202
203
204

205

206

207
208
209
210
211
212

213

214

215
216
217
218
219
220
221

222

223

224
225
226
227
228
229
230
231

232

233

234

NNV

// Wires and Registers

NNV

wire

wire

wire

masterl split state;
wire

master2 split state;
wire
masterl grant access;
wire
master2 grant access;
wire

wire

wire

wire

wire

wire

reg

reg

wire

wire

wire

wire

wire

wire
slavel addr ready;
wire
slave2 addr ready;
wire
slave3 addr ready;
wire

wire

wire

wire

wire

wire
slavel addr valid;
wire
slaveZ addr valid;
wire
slave3 addr valid;

wire [ ADDR _OUT BIT WIDTH -

wire
wire
wire
wire
wire
wire
addrdecodel ready;
wire
addrdecode2 ready;
wire
addrdecode3 ready;
wire
wire
wire
wire
wire
wire
wire
wire
slavel swap_grant;
wire
slave2 swap_grant;
wire
slave3 swap_grant;
wire

[ ADDR_OUT BIT WIDTH - 1
[ ADDR_OUT BIT WIDTH -

masterl request;
master2 request;

slavel split;
slave2 split;
slave3 split;
slavel unsplit;
slave2 unsplit;
slave3 unsplit;
masterl data in;
master2 data in;
masterl data out;
master2 data out;
slavel data out;
slave2 data out;
slave3 data out;

slavel preswap;
slave2 preswap;
slave3 preswap;
bossl released;
boss2 released;

slavel addr;
slave2 addr;
slave3 addr;
slavel done;
slave2 done;
slave3 done;

masterl addr out;
master2 addr out;
masterl split;
master2 split;
slavel hit;
slaveZ hit;
slave3 hit;

slavel released;



235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250

251
252
253
254
255

256
257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

wire

wire

wire

masterl no_ address;

wire

master2 no_ address;

wire

wire

wire

wire

masterl arbitor slave split;

wire

master2 arbitor slave split;

wire [ NUM OF MASTERS - 1 : 0 ]
master arbitor slave split wire;

wire [ NUM OF SLAVES - 1 : 0 ]
wire [ NUM OF SLAVES - 1 : 0 ]
wire [ NUM OF MASTERS - 1 : 0 ]
reg

masterZslave addr;

wire

wire

addrdecode ready wire;

wire [ NUM OF SLAVES - 1 : 0 ]
wire [ NUM OF SLAVES - 1 : 0 ]
wire

wire [ NUM OF MASTERS - 1 : 0
master released wire;

wire [ NUM OF SLAVES - 1 : 0 ]
slave released wire;

wire [ NUM OF MASTERS - 1 : 0 ]
wire [ NUM OF MASTERS - 1 : 0
master split state wire;

wire [ NUM OF MASTERS - 1 : 0
grant access_wire;

reg

master2slave data;

wire

slaveZ2master data;

wire [ NUM OF MASTERS - 1 : 0 ]
master no_ address;

wire [ NUM OF SLAVES - 1 : 0 ]

1
—

1 1
— —

slave2 released;
slave3 released;

slavel not hit;
slave2 not hit;
slave3 not hit;

swap_grant wire;
slave _hit wire;
m split wire;

preswap wire;

split wire;
unsplit wire;
dismissed wire;

request wire;

slave not hit;

YNNI

// Implementation

YNNI

assign request wire

masterl request, master2 request };

assign master split state wire

masterl split state, master2 split state };
assign masterl grant access

grant access wire[l];

assign master2 grant access

grant access wire[0O];

assign split wire

slavel split, slave2 split, slave3 split };
assign masterl split

m split wire[l];

assign master2 split

m split wire[O];

assign unsplit wire

slavel unsplit, slave2 unsplit, slave3 unsplit };
assign dismissed wire

bosslDataValidOut | boss2DataValidOut;
assign slaveZmaster data

slavel data out | slave2 data out | slave3 data out;
assign addrdecode ready wire

addrdecodel ready | addrdecode2 ready | addrdecode3 ready;

assign preswap wire

= {
= {



279

280

281

282

283

284

285

286

287

288

289

290

291
292
293
294

295

296

297
298
299
300

301

302

303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328

slavel preswap | slaveZ preswap |

assign bossl

_released

master released wire[l];

assign boss2

_released

master released wire[0];

assign slave
slave releas
assign slave
slave releas
assign slave
slave releas
assign slave
slaveZ2 hit,

assign swap_
slavel swap_

assign maste

1 released
ed wire[2];

2 released
ed wire[1];

3 released
ed wire[0];
_hit wire
slave3 hit };
grant wire

grant, slave2 swap grant,

rl no address

master no address[1];

assign maste

r2 no_address

master no address[0];

assign slave

slavel not hit, slave2 not hit, slave3 not hit };

assign maste

master arbitor slave split wire[l];

assign maste

master arbitor slave split wire[O];

~not hit
rl arbitor slave split

r2 arbitor slave split

always@ (*)begin

if (grant
mast
mast
mast
mast
mast

_access_wire[l] ==
er2slave data

erl data out;
er2slave addr

erl addr out;

erl data in

slaveZ2master data;

end

else begin
if (grant access wire[0] ==

end

master2Z2slave data
master2 data out;
master2slave addr
master2 addr out;
master2 data in

slaveZ2master data;

else begin

end
end
end

busArbitor# (

masterl data in
master2 data in
master2slave data
masterZ2slave addr

slave3 preswap;

)begin

)begin

.NUM_OF MASTERS (NUM_OF MASTERS),

.NUM_OF _

)
busArbitor(

SLAVES (NUM_OF SLAVES)

.clk(clk),

.rst res

et (rst_reset),

.reset (reset),

.request

In(request wire),

.splitIn(split wire),

.unsplit
.dismiss

In(unsplit wire),
edIn(dismissed wire),

.masterReleasedOut (master released wire),
.slaveReleasedOut (slave released wire),

.masterSplitStateIn(master split state wire),

.slaveHi

tIn(slave hit wire),

slave3 swap grant };

{ slavel hit,

{



329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397

.slaveNotHitIn(slave not hit),
.swapGrantIn(swap grant wire),
.grantAccessOut (grant access wire),
.mSplitOut (m split wire),
.noAddressOut (master no_ address),
.slaveSplitOut (master arbitor slave split wire)

)i

masterInterface#(
.STATE_REG _WIDTH (MASTER INT STATE REG WIDTH),
.DATA BUS WIDTH(DATA BUS WIDTH),
.ADDR_BUS_WIDTH(ADDR_BUS_ WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.DATA SERIAL BIT WIDTH(DATA SERIAL BIT WIDTH)
)

masterInterface 1(
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.bossRequestIn(bosslRequestIn),
.bossAddressIn(bosslAddressIn),
.bossAddressValidIn (bosslAddressValidIn),
.bossReadIn (bosslReadlIn),
.bossWriteIn (bosslWritelIn),
.bossbDatalIn(bosslDataln),
.bossbDatavValidIn(bosslDatavValidIn),
.splitIn(masterl split),
.grantAccessIn(masterl grant access),
.preSwapIn(preswap wire),
.releasedIn(bossl released),
.dataln(masterl data in),
.addrReadyIn(addrdecode ready wire),
.noAddressIn(masterl no address),
.slaveSplitIn(masterl arbitor slave split),
.noAddressOut (boss1NoAddressOut) ,
.dataAddrReadyOut (bosslDataAddrReadyOut) ,
.masterSplitOut (masterl split state),
.bossbDatalOut (bosslDatalOut),
.dataOut (masterl data out),
.requestOut (masterl request),
.addrOut (masterl addr out),
.endOut (bosslDbatavValidout),
.transIncompleteOut (bosslTransIncompleteOut)

)

masterInterface#(
.STATE_REG_WIDTH (MASTER INT STATE REG WIDTH),
.DATA BUS WIDTH(DATA BUS WIDTH),
.ADDR_BUS_WIDTH(ADDR_BUS_ WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.DATA SERIAL BIT WIDTH (DATA SERIAL BIT WIDTH)
)

masterInterface 2 (
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.bossRequestIn(boss2RequestIn),
.bossAddressIn(boss2AddressIn),
.bossAddressValidIn (boss2AddressValidIn),
.bossReadIn (boss2ReadlIn),
.bossWriteIn (boss2WritelIn),
.bossbDatalIn(boss2Dataln),
.bossDhatavValidIn(boss2DatavValidIn),
.splitIn(master2 split),
.grantAccessIn(master2 grant access),
.preSwapIn(preswap wire),
.releasedIn(boss2 released),
.dataIn(master2 data in),
.addrReadyIn(addrdecode ready wire),



398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466

.noAddressIn(master2 no address),
.slaveSplitIn(master2 arbitor slave split),
.noAddressOut (boss2NoAddressOut) ,
.dataAddrReadyOut (boss2DataAddrReadyOut) ,
.masterSplitOut (master2 split state),
.bossDataOut (boss2Datalut),

.dataOut (master2 data out),

.requestOut (master2 request),

.addrOut (master2 addr out),

.endOut (boss2batavValidout),
.transIncompleteOut (boss2TransIncompleteOut)

)i

addrDecode# (
.STATE_REG_WIDTH (ADDR_DECODE_STATE REG WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.ADDRiRANGEiBEGIN(SLAVEliADDRiRANGEiBEGIN),
.ADDR_RANGE END (SLAVEl ADDR_RANGE END)
)
addrDecode 1(
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.addrIn(master2slave addr),
.splitIn(slavel split),
.donelIn(slavel done),
.addrReadyIn(slavel addr ready),
.addrOut (slavel addr),
.addrvValidOut (slavel addr wvalid),
.stateRegOut (),
.ackSignalout (),
.readyOut (addrdecodel ready),
.slaveHitOut (slavel hit),
.slaveNotHitOut (slavel not hit)
)

slavelInterface#(
.DATA BUS WIDTH(DATA BUS WIDTH),
.ADDR_BUS_WIDTH(ADDR BUS_ WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.DATA SERIAL BIT WIDTH(DATA SERIAL BIT WIDTH)
)

slaveInterface 1(
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.dataIn(master2slave data),
.slaveDatalIn(slavelDatalIn),
.slaveDataValidIn(slavelDataValidIn),
.addrvValidIn(slavel addr valid),
.addrIn(slavel addr),
.busyIn(slavelBusyIn),
.releasedIn(slavel released),
.slaveWriteResponselIn(slavelWriteResponselIn),
.dataOut (slavel data out),
.slaveDataValidOut (slavelDataValidOut),
.slaveDataOut (slavelDataOut),
.slaveAddrValidOut (slavelAddrValidOut),
.slaveAddrOut (slavelAddrOut),
.splitOut (slavel split),
.unsplitoOut (slavel unsplit),
.slaveReadEnOut (slavelReadEnOut) ,
.slaveWriteEnOut (slavelWriteEnOut),
.slaveDataReadyOut (slavelDataReadyOut) ,
.addrReadyOut (slavel addr ready),
.addrDoneOut (slavel done),
.preSwapOut (slavel preswap),

.swapGrantOut (slavel swap grant)

)i



467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535

addrDecode# (
.STATE_REG_WIDTH (ADDR_DECODE_STATE REG WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.ADDRiRANGEiBEGIN(SLAVEZiADDRiRANGEiBEGIN),
.ADDR_RANGE END (SLAVE2 ADDR_RANGE END)
)
addrDecode 2 (
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.addrIn(master2slave addr),
.splitIn(slave2 split),
.donelIn(slave2 done),
.addrReadyIn(slave2 addr ready),
.addrOut (slave2 addr),
.addrvalidOut (slave2 addr wvalid),
.stateRegOut (),
.ackSignalout (),
.readyOut (addrdecode2 ready),
.slaveHitOut (slave2 hit),
.slaveNotHitOut (slave2 not hit)
)

slavelnterface#(
.DATA BUS WIDTH(DATA BUS_ WIDTH),
.ADDR_BUS_WIDTH(ADDR_BUS_ WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.DATA SERIAL BIT WIDTH(DATA SERIAL BIT WIDTH)
)

slaveInterface 2(
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.dataIn(master2slave data),
.slaveDatalIn(slave2Dataln),
.slaveDataValidIn(slave2DataValidIn),
.addrvValidIn(slave2 addr valid),
.addrIn(slave2 addr),
.busyIn(slave2BusyIn),
.releasedIn(slave2 released),
.slaveWriteResponselIn(slave2WriteResponselIn),
.dataOut (slave2 data out),
.slaveDataValidOut (slave2DataValidOut),
.slaveDataOut (slave2DatalOut),
.slaveAddrValidOut (slave2AddrValidoOut),
.slaveAddrOut (slave2AddrOut),
.splitOut (slave2 split),
.unsplitoOut (slave2 unsplit),
.slaveReadEnOut (slave2ReadEnOut) ,
.slaveWriteEnOut (slave2WriteEnOut),
.slaveDataReadyOut (slave2DataReadyOut) ,
.addrReadyOut (slave2 addr ready),
.addrDoneOut (slave2 done),
.preSwapOut (slave2 preswap),

.swapGrantOut (slave2 swap grant)

)i

addrDecode# (
.STATE_REG_WIDTH (ADDR_DECODE_STATE REG WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.ADDRiRANGEiBEGIN(SLAVE37ADDR7RANGE7BEGIN),
.ADDRiRANGEiEND(SLAVE37ADDR7RANGE7END)
)

addrDecode 3 (
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.addrIn(master2slave addr),



536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582

.splitIn(slave3 split),
.donelIn(slave3 done),
.addrReadyIn(slave3 addr ready),
.addrOut (slave3 addr),
.addrvalidOut (slave3 addr wvalid),
.stateRegOut (),

.ackSignalout (),

.readyOut (addrdecode3 ready),
.slaveHitOut (slave3 hit),
.slaveNotHitOut (slave3 not hit)
)

slavelInterface#(
.DATA BUS WIDTH(DATA BUS_ WIDTH),
.ADDR_BUS_WIDTH(ADDR_BUS_ WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.DATA SERIAL BIT WIDTH(DATA SERIAL BIT WIDTH)
)

slaveInterface 3(
.clk(clk),
.rst _reset(rst reset),
.reset (reset),
.dataIn(master2slave data),
.slaveDatalIn(slave3Dataln),
.slaveDataValidIn(slave3DataValidIn),
.addrvValidIn(slave3 addr valid),
.addrIn(slave3 addr),
.busyIn(slave3BusyIn),
.releasedIn(slave3 released),
.slaveWriteResponselIn(slave3WriteResponselIn),
.dataOut (slave3 data out),
.slaveDataValidOut (slave3DatavValidoOut),
.slaveDataOut (slave3DataOut),
.slaveAddrValidOut (slave3AddrvValidoOut),
.slaveAddrOut (slave3AddrOut),
.splitOut (slave3 split),
.unsplitoOut (slave3 unsplit),
.slaveReadEnOut (slave3ReadEnOut) ,
.slaveWriteEnOut (slave3WriteEnOut),
.slaveDataReadyOut (slave3DataReadyOut) ,
.addrReadyOut (slave3 addr ready),
.addrDoneOut (slave3 done),
.preSwapOut (slave3 preswap),

.swapGrantOut (slave3 swap grant)

)i

endmodule



O J oy Ui Wb

B DD LW WWWwWwWwwwwdhdhDNDMNDMNDNDNDNDNNNNRERERPEPRPRPRPRRRERE
B LWONPOWOWOJOUEd WNEFEF OWOW-JTOU D WNEPEPOWOJoYU dWDNDE O W

45
46
47

48
49
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62
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“timescale 1ns / 1ps

LIV 7077777777777 7777777777777
// Company: ENTC, University of Moratuwa

// Author: Miyuru Thathsara | Nadarasar Bahavan

// Create Date: 12/17/2020 02:15:54 AM
// Design Name: Bus Arbitor

// Module Name: busArbitor

// Project Name: System Bus

// Additional Comments:

L1107 7777777777770 77777777
module busArbitor(

clk,

rst reset,

reset,

requestlIn,

splitIn,

unsplitIn,

dismissedIn,

masterReleasedOut,

slaveReleasedOut,

masterSplitStateln,

slaveHitIn,

slaveNotHitIn,

swapGrantIn,

grantAccessOut,

mSplitOut,

noAddressOut,

slaveSplitOut

)

“include "log.v"
LIV 0777777777777 7777770777777
// Parameters
L1100 7777777777777 0777777777
parameter NUM OF MASTERS = 2;
parameter NUM_OF_SLAVES = 3;
L1100 )77 7777777777777 70777777777
// Local Parameters
//////////////////////////////////////////////////////////////////////////////////
localparam GRANT ACCESS BIT WIDTH = 2;
localparam CASE REG BIT WIDTH 3;
localparam NUM OF STATUS REGS NUM OF MASTERS;
localparam STATUS REG WIDTH NUM OF MASTERS
+ NUM OF SLAVES;
localparam IDLE_STATE
localparam M1 GRANT_ STATE
localparam M2 GRANT_ STATE
are two grant states.

3'b000;
3'b001;
3'b011; //There

localparam RELEASE STATE = 3'b010;
localparam S1 ADDRESSED = 3'b100;
localparam S2 ADDRESSED = 3'b101;
localparam S3 ADDRESSED = 3'b110;

JI11T11T10 7707707700707 777777777707777777777777777777777077777777777777777777771777
// 1I/0 Configuration
LTI 0777707077707/ 777777777777777777

input clk;

input rst reset;

input reset;

input [ NUM OF SLAVES - 1 01 splitIn;

input [ NUM OF SLAVES - 1 0 1] unsplitIn;

input dismissedIn;

input [ NUM OF MASTERS - 1 0 1] requestln;

input [ NUM OF MASTERS - 1 0 1] masterSplitStateln;
input [ NUM OF SLAVES - 1 0 1] slaveHitIn;

input [ NUM OF SLAVES - 1 : 0 ] slaveNotHitIn;
input [ NUM OF SLAVES - 1 0 1] swapGrantlIn;
output reg [ NUM OF MASTERS - 1 : O ] masterReleasedOut;
output reg [ NUM OF SLAVES - 1 : 0 ] slaveReleasedOut;



68
69
70
71
72
73
74
75
76
77
78
79
80

81

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112

113

114

115

116

117

118

119

120

121

122

123

output reg [ NUM OF MASTERS - 1 : 0 ] grantAccessOut;
output reg [ NUM OF MASTERS - 1 : 0 ] mSplitOut;
output reg [ NUM OF MASTERS - 1 : 0 ] noAddressOut;
output reg [ NUM OF MASTERS - 1 01 slaveSplitOut;
///////////////////////////////////////////////////////////////////////////////

// Wires and Registers

NN

reg [ CASE REG BIT WIDTH - 1 : O ] case reg;

reg reset _a;

reg reset b;

reg [ STATUS REG WIDTH - 1 01 status regl;
reg [ STATUS REG WIDTH - 1 01 status reg2;
reg [ NUM OF STATUS REGS - 1 : 0 ]

occupancy status regs;

reg [ NUM OF MASTERS - 1 : 0 ]

master grant status;

reg swap given flag;
reg released flag;
reg [ NUM OF SLAVES - 1 : 0 ] unsplit state;
wire reset wire;

/////////////Priorities

// M1 has higher priority than M2

// M1l corresponds to [1,0]

// M2 corresponds to [0,1]

//This is important for the signals: RequestIn, masterSplitStateln,grantAccessOut

L1707 7777 7777777777777 777777
// Implementation

NNV

assign reset wire = reset |
reset b;

always@ (posedge clk)begin
if (~rst reset)begin

reset a <= 1'b0;
reset b <= 1'b0;
end
else begin
reset a <= reset;
reset b <= reset a;
end

end

always@ (posedge clk or negedge reset wire)begin
if (~reset wire)begin

case_reg <= IDLE STATE;
status_regl <= {
STATUS REG WIDTH {1'b0} };

status_reg2 <= {
STATUS REG WIDTH {1'b0} };

occupancy status regs <= {

NUM OF STATUS REGS {1'b0} };

master grant status <= {

NUM OF MASTERS {1'b0} };

swap given flag <= 1'b0;
released flag <= 1'b0;
mSplitOut <= {

NUM OF MASTERS {1'b0} };

unsplit state <= {

NUM OF SLAVES {1'b0} };

masterReleasedOut <= {

NUM OF MASTERS {1'b0} };

slaveReleasedOut <= {

NUM OF SLAVES {1'b0} };

noAddressOut <= {

NUM OF MASTERS {1'b0} };

slaveSplitOut <= {

NUM_OF MASTERS {1'b0} };



124 end

125 else begin
126 case (case_regq)
127 IDLE STATE:
128 begin
129 slaveSplitOut <= {
NUM OF MASTERS {1'b0} };
130 if (|unsplitIn) begin
131 grantAccessOut <= 2'b00;
132 unsplit state <= unsplitIn;
133 case reg <= RELEASE STATE;
134 masterReleasedOut <= {
NUM OF MASTERS {1'b0} };
135 slaveReleasedOut <= {
NUM OF SLAVES {1'b0} };
136 end
137 else begin
138 noAddressOut <= {
NUM OF MASTERS {1'b0} };
139 if (requestIn[l]) begin
140 grantAccessOut
141 master grant status <= 2'b10;
142 case reg <=
M1 GRANT STATE;
143 end
144 else begin
145 if (requestIn[0]) begin
146 grantAccessOut <= 2'b01;
147 master grant status <= 2'b01;
148 case reg <=
M2 GRANT_ STATE;
149 end
150 else begin
151 grantAccessOut <= 2'b00;
152 master grant status <= 2'b00;
153 case reg <= IDLE STATE;
154 end
155 end
156 end
157 end
158 M1 GRANT STATE:
159 begin
160 masterReleasedOut <= {
NUM OF MASTERS {1'b0} };
161l slaveReleasedOut <= {
NUM OF SLAVES {1'b0} };
162 if (swap _given flag)begin
163 if (dismissedIn)begin
164 status_regl <= {
STATUS REG WIDTH {1'b0} };
165 occupancy_ status regs[1] <= 1'b0;
166 swap given flag <= 1'b0;
167 master grant status <= {
NUM OF MASTERS {1'b0} };
168 case reg <= IDLE STATE;
169 end
170 else begin
171 swap given flag <= 1'bl;
172 case reg <=
M1 GRANT STATE;
173 end
174 end
175 else begin
176 if (released flag)begin
177 if (dismissedIn)begin
178 status_regl <= {
STATUS REG WIDTH {1'b0} };
179 occupancy status regs[1] <= 1'b0;
180 released flag <= 1'b0;
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182
183
184
185
186

187
188
189
190
191
192
193
194
195

196
197

198

199
200
201
202
203

204
205
206
207
208
209

210
211
212
213
214
215
216

217
218

219

220
221
222
223
224

225
226
227
228
229
230

231
232
233
234
235
236
237

master grant status <=
NUM OF MASTERS {1'bO} };
case reg <=
end
else begin
released flag <=
case reg <=
M1 GRANT STATE;
end

end
else begin
if(|slaveHitIn)begin
case(slaveHitIn)
3'b100:
begin
if (occupancy status regs[0])begin
if (status reg2[ NUM OF SLAVES -

3'b100)begin
case reg <=
master grant status <=
NUM OF MASTERS {1'bO} };
grantAccessOut <=
NUM OF MASTERS {1'bO} };
slaveSplitOut <=
end
else begin
case reg <=
status_ regl <=
master grant status, 3'b100 };
occupancy status regs[1] =
end
end
else begin
case reg <=
status_ regl <=
master grant status, 3'b100 };
occupancy status regs[1] <=
end
end
3'b010:
begin

if (occupancy status regs[0])begin
if (status reg2[ NUM OF SLAVES -

3'b010)begin
case reg <=
master grant status <=
NUM OF MASTERS {1'bO} };
grantAccessOut <=
NUM OF MASTERS {1'bO} };
slaveSplitOut <=
end
else begin
case reg <=
status_ regl <=
master grant status, 3'b010 };
occupancy status regs[1] <=
end
end
else begin
case reg <=
status_ regl <=
master grant status, 3'b010 };
occupancy status regs[1] <=
end
end
3'b001:
begin

if (occupancy status regs[0])begin
if (status_reg2[ NUM OF SLAVES - 1

{

IDLE STATE;

1'bl;

01 ==

IDLE STATE;
{

{

2'010;

S1 ADDRESSED;
{

1'bl;

S1 ADDRESSED;
{

1'bl;

IDLE STATE;
{

{

2'010;

S2 ADDRESSED;
{

1'bl;

S2 ADDRESSED;
{

1'bl;
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239

240

241
242
243
244
245

246
247
248
249
250
251

252
253
254
255
256

257
258
259
260
261
262
263

264
265
266
267

268
269
270
271
272
273
274
275

276

277
278
279

280
281
282

283
284
285
286
287

288
289
290
291
292
293

3'b001)begin
case reg
master grant status
NUM OF MASTERS {1'bO} };
grantAccessOut
NUM OF MASTERS {1'bO} };
slaveSplitOut
end
else begin
case reg
status_ regl
master grant status, 3'b001
occupancy status regs[1]
end
end
else begin
case reg
status_ regl
master grant status, 3'b001 };
occupancy status regs[1]
end
end
default begin
case reg
M1 GRANT STATE;
end
endcase
end
else begin
if (&slaveNotHitIn)begin
noAddressOut
master grant status
NUM OF MASTERS {1'bO} };

case_reg
end
else begin
case_reg
M1 GRANT STATE;
end
end
end
end
end
M2 GRANT STATE:
begin

masterReleasedOut
NUM OF MASTERS {1'bO} };
slaveReleasedOut
NUM OF SLAVES {1'bO} };
if (swap _given flag)begin
if (dismissedIn)begin
status_reg2
STATUS REG WIDTH {1'b0} };
occupancy_ status regs[0]
swap given flag
master grant status
NUM OF MASTERS {1'bO} };
case reg
end
else begin
swap given flag
case reg
M2 GRANT_ STATE;
end
end
else begin
if (released flag)begin
if (dismissedIn)begin
status_reg2

=

= IDLE STATE;

{
{

2'b10;

= S3 ADDRESSED;

{

1'bl;

= S3 ADDRESSED;

{

= 1'bl;

= 2'bl0;

{

IDLE STATE;

{

'b0;
'b0;
IDLE STATE;

1'bl;
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295
296

297
298
299
300
301

302
303
304
305
306
307
308
309
310

311
312

313

314
315
316
317
318

319
320
321
322
323
324

325
326
327
328
329
330
331

332
333

334

335
336
337
338
339

340
341
342
343
344
345

346
347
348
349

STATUS REG WIDTH {1'bO0} };
occupancy_ status regs[0]
released flag
master grant status
NUM OF MASTERS {1'bO} };
case reg
end
else begin
released flag
case reg
M2 GRANT STATE;
end
end
else begin
if(|slaveHitIn)begin
case(slaveHitIn)
3'b100:
begin
if (occupancy status regs[1])begin
if (status_regl[ NUM OF SLAVES -
3'b100)begin
case reg
master grant status
NUM OF MASTERS {1'bO} };
grantAccessOut
NUM OF MASTERS {1'bO} };
slaveSplitOut
end
else begin
case reg
status_reg2
master grant status, 3'b100
occupancy_ status regs[0]
end
end
else begin
case reg
status_reg2
master grant status, 3'b100 };
occupancy_ status regs[0]
end
end
3'b010:
begin
if (occupancy status regs[1])begin
if (status_regl[ NUM OF SLAVES -
3'b010)begin
case reg
master grant status
NUM OF MASTERS {1'bO} };
grantAccessOut
NUM OF MASTERS {1'bO} };
slaveSplitOut
end
else begin
case reg
status_reg2
master grant status, 3'b010
occupancy_ status regs[0]
end
end
else begin
case reg
status_reg2
master grant status, 3'b010 };
occupancy_ status regs[0]
end
end
3'b001:

= {

'b0;
'b0;

IDLE STATE;

= 1'bl;

= IDLE STATE;

{
{

2'b01;

= S1 ADDRESSED;

{

1'bl;

= S1 ADDRESSED;

{

1'bl;

= IDLE STATE;

{
{

2'b01;

= S2 ADDRESSED;

{

1'bl;

= S2 ADDRESSED;

{

= 1'bl;



350
351
352

353
354

355

356
357
358
359
360

361
362
363
364
365
366

367
368
369
370
371

372
373
374
375
376
377
378

379
380
381
382

383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400

401
402
403
404
405
406
407
408
409

begin

if (occupancy status regs[1])begin

if (status regl[ NUM OF SLAVES - 1

3'b001)begin
case_reg

master grant status
NUM OF MASTERS {1'b0O} };

grantAccessOut

NUM OF MASTERS {1'b0O}

slaveSplitOut
end
else begin
case reg
status_reg2

master grant status,
occupancy_ status regs|

end
end
else begin
case reg
status_reg2
master grant status,

occupancy_ status regs|

end
end
default begin
case reg
M2 GRANT_ STATE;
end
endcase
end
else begin
if (&slaveNotHitIn)begin
noAddressOut
master grant status
NUM OF MASTERS {1'b0} };
case reg
end
else begin
case reg
M2 GRANT_ STATE;
end
end
end
end
end
RELEASE STATE:
begin
if (occupancy status regs[1])begin
case(status_regl[ NUM OF SLAVES - 1 : 0
3'b100:
begin
if (unsplit state[?] == 1)begin
masterReleasedOut
slaveReleasedOut
mSplitOut[l]
grantAccessOut
released flag
case reg
M1 GRANT STATE;
end
else begin
case reg
end
end
3'b010:
begin
if (unsplit state[l] == 1)begin
masterReleasedOut

3

1

= S3 ADDRESSED;

{

1'bl;

S3_ADDRESSED;
{

= 1'bl;

IDLE STATE;

A
I

1'bl;

RELEASE STATE;

= 2'bl0;



410
411
412
413
414

415
416
417
418
419
420
421
422
423
424
425
426
427
428

429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447

448
449
450
451
452
453
454
455
456
457
458
459
460
461

462
463
464
465
466
467
468
469
470
471
472
473
474

slaveReleasedOut
mSplitOut[l]
grantAccessOut
released flag
case reg
M1 GRANT STATE;
end
else begin
case reg
end
end
3'b001:
begin
if (unsplit state[0] == 1)begin
masterReleasedOut
slaveReleasedOut
mSplitOut[l]
grantAccessOut
released flag
case reg
M1 GRANT STATE;
end
else begin
case reg
end
end
endcase

end
else begin

if (occupancy status regs[0])begin
case(status_reg2[ NUM OF SLAVES - 1

3'p100:
begin

if (unsplit state[2] ==

end

masterReleasedOut
slaveReleasedOut
mSplitOut[0]
grantAccessOut
released flag
case reg

M2 GRANT STATE;

else begin

end
end
3'b010:
begin

case_reg

if (unsplit state[l] ==

end

masterReleasedOut
slaveReleasedOut
mSplitOut[0]
grantAccessOut
released flag
case reg

M2 GRANT STATE;

else begin

end
end
3'b001:
begin

case_reg

if (unsplit state[0] ==

masterReleasedOut
slaveReleasedOut
mSplitOut[0]
grantAccessOut
released flag

1)begin

1)begin

1)begin

A
I

A
I

A
I

A
I

3'b010;

= 1'b0;

2'bl0;
1'bl;

RELEASE STATE;

= 2'bl0;
= 3'b001;

1'b0;
2'b10;
1'bl;

RELEASE STATE;

2'b01;
3'b100;

= 1'b0;

2'b01;
1'bl;

RELEASE STATE;

2'b01;
3'b010;

= 1'b0;

2'b01;
1'bl;

RELEASE STATE;

2'b01;
3'b001;

= 1'b0;

2'b01;

= 1'bl;



475

476
477
478
479
480
481
482
483
484
485
486
487
488
489
490

491
492

493
494
495
496

497
498

499
500
501
502
503
504
505
506
507
508
509

510
511
512
513
514
515

516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533

534
535

case reg <=
M2 GRANT STATE;
end
else begin
case reg <=
end
end
endcase
end
end
end
S1 ADDRESSED:
begin

if (swapGrantIn[2])begin
swap given flag =

RELEASE STATE;

1'bl;

if (swapGrantIn == status regl[ NUM OF SLAVES - 1 : 0 ])begin

status regl =
STATUSiREG7WIDTH {1'b0} };

occupancy status regs[1] <=
case reg <=
M1 GRANT STATE;
end
else begin
if (swapGrantIn == status reg2[ NUM OF SLAVES - 1
status_reg2 <=
STATUS REG WIDTH {1'bO} };
occupancy_ status regs[0] <=
case reg <=
M2 GRANT_ STATE;
end
else begin
case reg <=
end
end

end
else begin
if(splitIn[2])begin

{

1'b0;

0 ])begin
{

1'b0;

S1 ADDRESSED;

if (splitIn[?] == status regl[2])begin
mSplitOut[l] <= 1'bl;
master grant status <= {
NUM OF MASTERS {1'bO} };
case_reg <= IDLE STATE;
end
else begin
if (splitIn[?] == status reg2[2])begin
mSplitOut[0] <= 1'bl;
master grant status <= {
NUM OF MASTERS {1'bO} };
case_reg <= IDLE STATE;
end
else begin
case reg <= S1 ADDRESSED;
end
end
end
else begin
case reg <= S1 ADDRESSED;
end
end
end
S2 ADDRESSED:
begin
if (swapGrantIn[l])begin
swap given flag <= 1'bl;
if (swapGrantIn == status regl[ NUM OF SLAVES - 1 : 0 ])begin

status_regl =
STATUS REG WIDTH {1'bO} };

occupancy status regs[1] <=
case_reg <=

{

1'b0;



536
537
538
539

540
541

542
543
544
545
546
547
548
549
550
551
552

553
554
555
556
557
558

559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576

577
578

579
580
581
582

583
584

585
586
587
588
589
590
591
592
593
594
595

M1 GRANT STATE;
end
else begin
if (swapGrantIn == status reg2[ NUM OF SLAVES -
status_reg2 <=
STATUS REG WIDTH {1'b0} };
occupancy_ status regs[0] <=
case reg <=
M2 GRANT_ STATE;
end
else begin
case reg <=
end
end
end
else begin
if(splitIn[1])begin

0 ])begin

1'b0;

S2 ADDRESSED;

if (splitIn[l] == status regl[l])begin
mSplitOut[l] <= 1'bl;
master grant status <= {
NUM OF MASTERS {1'b0} };
case_reg <= IDLE STATE;
end
else begin
if (splitIn[l] == status reg2[l])begin
mSplitOut[0] <= 1'bl;
master grant status <= {
NUM OF MASTERS {1'b0} };
case_reg <= IDLE STATE;
end
else begin
case reg <= S2 ADDRESSED;
end
end
end
else begin
case reg <= S2 ADDRESSED;
end
end
end
S3 ADDRESSED:
begin
if (swapGrantIn[0])begin
swap given flag <= 1'bl;
if (swapGrantIn == status regl[ NUM OF SLAVES - 1 : 0 ])begin
status_ regl <= {
STATUS REG WIDTH {1'b0} };
occupancy status regs[1] <= 1'b0;
case reg <=
M1 GRANT STATE;
end
else begin
if (swapGrantIn == status reg2[ NUM OF SLAVES - 0 ])begin
status_reg2 <= {
STATUS REG WIDTH {1'b0} };
occupancy_ status regs[0] <= 1'b0;
case reg <=
M2 GRANT_ STATE;
end
else begin
case reg <= S3 ADDRESSED;
end
end
end

else begin
if(splitIn[0])begin
if (splitIn[0] == status regl[0])begin
mSplitOut[l] <=
master grant status <=

1'bl;



596
597
598
599
600
601

602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622

end
else
end
end
end
default:
begin
case_reg
end
endcase
end
end
endmodule

NUM
case
end
else beg

if (splitIn[0] == status reg2[0])begin

end
else

end
end

begin
case_reg

OF MASTERS {1'b0} };
_reg

in

mSplitOut[0]

master grant status

NUM OF MASTERS {1'b0O} };
case_reg

begin
case reg

IDLE STATE;

= 1'bl;

{

IDLE STATE;

S3 ADDRESSED;

S3 ADDRESSED;

IDLE STATE;
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// Company: ENTC, University of Moratuwa

// Author: Miyuru Thathsara | Nadarasar Bahavan

// Create Date: 12/17/2020 12:45:05 AM
// Design Name: Number of Bits calc

// Module Name: log

// Project Name: System Bus

// Additional Comments:

NNV

function integer count2width (input integer value);
if (value <= 1) begin
count2width = 1;
end
else begin
value = value - 1;
for (count2width = 0; value > 0; count2width = count2width + 1) begin
value = value >> 1;
end
end
endfunction
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// Design Name: Address Decoder

O J oy Ui Wb

OO UITTUITUTUTUTUTOTOTOT B DB DB DD DD WWWWWWWWWWNNRNONNNRNONRNDNONNNNNNR R PR e
NP OWOW-JNUT DR WNRFROW®OW-JNUEDWNROW®O-JHNTTD WNROW®M-JOUBRWNROWOWJo U™ WN R O W

63

64
65
66
67

NNV

Module Name:
Project Name:

addrDecode
System Bus

Additional Comments:

module masterInterface(

LTI 7777777777777 7777777777777 7777777777777

clk,
rst reset,
reset,

bossRequestlIn,
bossAddressIn,
bossAddressvValidiIn,

bossReadlIn,

bossWriteln,

bossDataln,

bossDataValidIn,

splitIn,

grantAccessIn,

preSwapln,
releasedIn,
dataln,

addrReadyIn,
noAddressIn,

slaveSplitIn,
noAddressOut,
dataAddrReadyOut,
masterSplitoOut,

bossDatalut,

datalOut,
requestOut,
addroOut,
endOut,

transIncompleteOut

)

“include "log.v"

// Parameters

NN

parameter STATE REG WIDTH = 37
parameter DATA_BUS_WIDTH = 16;
parameter ADDR BUS WIDTH = 16;
parameter ADDR SERIAL BIT WIDTH = 19;
parameter DATA SERIAL BIT WIDTH = 17;

L1111 11TTTT77077770117777700777717777777070777711177770077777171777770777711117777177

// Local Parameters

NNV

localparam CASE REG BIT WIDTH = 33
localparam IDLE_STATE = 3'b000;
localparam REQUESTING STATE = 3'b001;
localparam ADDRESSING STATE = 3'b010;
localparam JUNCTION STATE = 3'b011;
localparam SPLITROOM STATE = 3'b100;
localparam SWAP STATE = 3'b110;
localparam COMPLETE = 3'bll1l;
localparam ADDR COUNTER WIDTH =

count2width (ADDR SERIAL BIT WIDTH) ;
localparam DATA COUNTER WIDTH

count2width (DATA SERIAL BIT WIDTH) ;
VN,

// 1I/0 Configuration

NNV

input

clk;



68
69
70
71

72

73
74
75
76

77
78
79
80

81
82
83
84
85
86
87
88
89
90

91
92
93
94
95
96
97
98
99

100
101
102
103

104
105
106
107
108
109
110
111
112
113
114

115

116
117

118
119
120
121
122
123
124
125

// Communication with the Module Side

input

input

input

Makes a reques
input [

loads the 'Add
(Activate) (R) (
input

input

input

input [

Boss wants a '
input

input

input

input

from Arbiter indicating the master has been released.

input

input

input

input

input

output reg
output reg
output reg
//Interfaces f
output reg

are indicating the bus that you are in a SPLIT state)

output
output [
output
output reg
output reg

t here using this. It pulls it up.

ADDR BUS WIDTH - 1 : 0 ]
ress' of the Slave here.

W) (Data-5bit)

DATA BUS WIDTH - 1 : 0 ]
wr wire' operation done,

rom the Slave side.

DATA BUS WIDTH - 1 : 0

]

it is of the format

it will send the data in

(SPLIT OPs)

rst reset;
reset;

bossRequestIn; // Boss

bossAddressIn; //Boss

(1) (01) (00000) ->

bossAddressValidIn;
bossReadIn;
bossWriteln;
bossDatalIn; //If the
here.
bossDataValidIn;
grantAccessIn;
preSwapln;
releasedIn; //Message

splitIn;

dataln;
addrReadyIn;
noAddressIn;
slaveSplitIn;
noAddressOut;
dataAddrReadyOut;
requestOut;

masterSplitOut; // (You

datalOut;
bossDatalOut;
addrOut;

endOut;
transIncompleteOut;

LI 7777777777777 7777777777777 77777777777777

// Wires & Reg

isters
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//Interfaces to send the data ///////////////////////////////////Lot's of Chopping

around here.

reg [
// Interfaces
reg [
reg

You give this
reg [
reg [
reg [
reg

reg

wire

DATA SERIAL BIT WIDTH - 1
between Module and Master.
ADDR_SERIAL BIT WIDTH - 1

01

Mainly Shift registers

01

data shift;

addr shift;
master busy state; //

signal out to the boss to indicate the master is available.

ADDR COUNTER WIDTH - 1
DATA COUNTER WIDTH - 1
STATE REG WIDTH - 1

0

]

0]
01

addr shift counter;
data counter;

case_ reg;

reset aj;

reset b;

reset wire;

L1111 1111777700707771117777007077771777777077777117777007777717777770777711117777777

// Implementat

ion

NNV

assign dataOut
DATA SERIAL BI
assign addrOut
ADDR SERIAL BI
assign reset w
assign bossDat
DATA SERIAL BI

always@ (posedg
if (~rst re
reset
reset |

end
else begin
reset

T WIDTH - 1 ];

T WIDTH - 1 1];

ire

alut

T WIDTH - 2 : 0 ];

e clk)begin
set)begin

a

b

a

data shift]

addr shift]

reset | reset b;
data shift]
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128
129
130
131
132
133

134

135

136
137
138
139
140
141
142
143
144
145
146
147

148
149

150
151
152
153

154

155
156
157
158
159
160

161
162
163
164
165
166

167

168
169
170
171
172
173
174
175
176
177
178
179
180

reset b
end
end

always@ (posedge clk

<= reset a;

or negedge reset wire)begin

if (~reset wire)begin
case_reg <= IDLE STATE;
addr shift counter <= { ADDR COUNTER WIDTH
{1'00} };
data counter <= { DATA COUNTER WIDTH
{1'00} };
data shift <= {
DATA SERIAL BIT WIDTH {1'b0O} };
masterSplitOut <= 1'b0;
dataAddrReadyOut <= 1'b0;
noAddressOut <= 1'b0;
transIncompleteOut <= 1'b0;
end
else begin
case (case regq)
IDLE STATE:
begin
transIncompleteOut <= 1'b0;
noAddressOut <= 1'b0;
if (bossRequestIn)begin //When the Boss Requests something, it will
make the bus go into a requesting state.
case_reg <= REQUESTING STATE;
requestOut <= 1'bl; //Using this

end
else

end
end
REQUESTI
begin
//In
upou
if (g

end
else

end
end
ADDRESSI
begin

data

if(a

signal it will request the arbiter for permission to use the
bus.

begin
endOut <= 1'b0;
master busy state <= 1'b0; //Master is

not busy at the moment. Once he moves to any state other than Idle.
He will become busy.

addr_shift <= {
ADDR_SERIAL BIT WIDTH {1'b0} };
requestOut <= 1'b0;
NG _STATE:
this state, it will continously ask the arbiter for permission,

n granting, it will load the address into the shift.

rantAccessIn)begin

dataAddrReadyOut <= 1'bl;

requestOut <= 1'b0;

case_reg <= ADDRESSING STATE;
data shift <= { 1'bl, bossDataln };
addr_shift <= { 1'bl, bossReadIn,
bossWriteIn, bossAddressIn }; //Load the address into the Shift
register.

master busy state <= 1'bl; //Boss request

is now going to be processed, so Master becomes busy.

begin

dataAddrReadyOut <= 1'b0;

case_reg <= REQUESTING STATE;

NG _STATE:

AddrReadyOut <= 1'b0;

ddrReadyIn)begin

if (addr_shift counter < ADDR SERIAL BIT WIDTH + 1)begin
addr shift <= addr_shift << 1;
addr shift counter <= addr_ shift counter +

1'bl;



181
182
183
184

185

186
187
188
189
190
191
192
193
194
195

196
197
198
199
200
201
202
203
204
205
206
207
208
209

210
211
212
213
214
215
216

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244

case_reg <= ADDRESSING STATE;
end
else begin
addr shift counter <= { ADDR COUNTER WIDTH
{100} )
addr_shift <= {
ADDR SERIAL BIT WIDTH {1'bO} };
case_reg <= JUNCTION STATE;
end
end
else begin
case_reg <= ADDRESSING STATE;
end
end
JUNCTION STATE:
begin

if(splitIn)begin //Set of commands when the Master is send to the
SPLIT state.

case_reg <= SPLITROOM STATE;
masterSplitOut <= 1'bl;
end
else begin
if (preSwapIn)begin
data counter <= data counter + 1'bl;
data shift <= data shift << 1;
data shift[0] <= dataln;
case_reg <= SWAP_ STATE;
end

else begin
if (noAddressIn)begin

master busy state <= 1'b0;

data shift <= {

DATA SERIAL BIT WIDTH {1'bO} };

noAddressOut <= 1'bl;

case reg <= IDLE STATE;
end

else begin
if(slaveSplitIn)begin

master busy state <= 1'b0;
data shift <= {
DATA SERIAL BIT WIDTH {1'bO} };
transIncompleteOut <= 1'bl;
case_reg <= IDLE STATE;
end
else begin
case_reg <= JUNCTION STATE;
end
end
end
end
end
SPLITROOM STATE:
begin
if (releasedIn)begin
case_reg <= JUNCTION STATE;
masterSplitOut <= 1'b0;
end
else begin
case_reg <= SPLITROOM STATE;
masterSplitOut <= 1'bl;
end
end
SWAP STATE:
begin
if (data counter < DATA SERIAL BIT WIDTH + 1)begin
data counter <= data counter + 1'bl;
data shift <= data shift << 1;
data shift[0] <= dataln;

case_reg <= SWAP_ STATE;



245
246
247

248
249
250
251
252
253
254
255

256
257
258
259
260
261
262
263
264
265
266
267

end
else begin
data counter
{1'00} };
case reg
endOut
end
end
COMPLETE :
begin
case reg
data shift
DATA SERIAL BIT WIDTH {1'bO} };
endOut
requestOut
end
default:
begin
case reg
requestOut
end

endcase

end
end
endmodule

A
I

A
|

{ DATA COUNTER WIDTH

= COMPLETE;

= 1'bl;

= IDLE STATE;

{

1'b0;

= 1'b0;

= IDLE STATE;

= 1'b0;
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45
46
47
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53
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55
56
57

58

59
60
61
62
63
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“timescale 1ns / 1ps

LIV 7077777777777 7777777777777
// Company: ENTC, University of Moratuwa

// Author: Miyuru Thathsara | Nadarasar Bahavan

// Create Date: 12/16/2020 04:51:49 PM
// Design Name: Address Decoder

// Module Name: addrDecode

// Project Name: System Bus

// Additional Comments:

L1777 777777777777 77 7777777777777 7777777777777777777777777777777777777777777777777
module addrDecode (

clk,

rst reset,

reset,

addriIn,

splitIn,

doneln,

addrReadyIn,

addrOut,

addrValidout,

stateRegOut,

ackSignalOut,

readyOut,

slaveHitOut,

slaveNotHitOut

)
L1777 777 7777777777077 7777777777777 77777777777777777777777/777777777777777777777777
// Parameters

LI 7777777777777

parameter STATE REG WIDTH = 2;
parameter ADDR SERIAL BIT WIDTH = 19;
parameter ADDR RANGE BEGIN = 0;
parameter ADDR RANGE END = 100;

[11717777070777777707777777777707077777777777077777777777077777777777077777777777777177
// Local Parameters

YNNIV

localparam CASE REG WIDTH = 2;

localparam IDLE_STATE = 2'b00;
localparam CHECK RANGE STATE = 2'b01;
localparam SPLIT STATE = 2'bl0;

localparam ADDR OUT BIT WIDTH
- 1;

[/ 7070777777777 777 777777777777 7777777777777 7777777777777777777777777777777777
// 1I/0 pin configuration

[/ 7070707770707 777 777777777777 7777777777777 7777777777777777777777777777777777

ADDR_SERIAL BIT WIDTH

input clk;

input rst reset;
input reset;

input addrIn;

input splitIn;

input doneln;

input addrReadyIn;
output reg [ ADDR OUT BIT WIDTH - 1 : 0 ] addrOut; //The
address of the system being given out.

output reg addrValidOut;
output reg [ STATE REG WIDTH - 1 : O ] stateRegOut;
output reg ackSignalOut;
//To the Slave and Master to initiate the next phase of transactions

output reg readyOut; //From
the Address Decoder to the Arbiter.

output reg slaveHitOut;
output reg slaveNotHitOut;

L1177
// Wires & Registers

LIS 7777777777777 7777777777777 777
reg [ CASE REG WIDTH - 1 : O ] case reg;
reg [ ADDR_SERIAL BIT WIDTH - 1 : 0 ] shift reg;



66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

120
121
122
123

124
125
126
127
128
129
130

131

reg
reg
wire

reset a;
reset b;
reset wire;

NNV

// Implementation

NNV

assign reset wire =

always@ (posedge clk)begin
if (~rst reset)begin

reset a <= |
reset b <=
end
else begin
reset a <=
reset b <=
end

end

always@ (posedge clk or negedge reset wire)begin

if (~reset wire)begin

stateRegOut <=
case reg <=
shift reg <=
addrOut <=
addrValidOut <=
readyOut <=
ackSignalOut <=
slaveHitOut <=
slaveNotHitOut <=

end
else begin
case (case_regq)

reset | reset b;
1'b0;

1'b0;

reset;

reset a;

{ STATE REG WIDTH{l'bO} };

{ CASE REG WIDTH {1'bO} };

{ ADDR SERIAL BIT WIDTH {1'bO} };
{ ADDR OUT BIT WIDTH {1'bO} };
1'b0;

1'bl;

1'b0;

1'b0;

1'b

r

(@}

IDLE STATE:
begin
if (readyOut)begin
slaveHitOut <= 1'b0;
slaveNotHitOut <= 1'b0;
stateRegOut <= 2'b00;
if (shift reg[ ADDR_SERIAL BIT WIDTH - 1 ])begin
case_reg <= CHECK RANGE STATE;
readyOut <= 1'b0;
end
else begin
shift reg <= shift reg << 1;
shift reg[0] <= addrIn;
case_reg <= IDLE STATE;
readyOut <= 1'bl;
end
end
end
CHECK RANGE STATE:
begin
if( (shift reg[ ADDR SERIAL BIT WIDTH - 4 : 0 ] >= ADDR RANGE BEGIN) &&
(shift reg[ ADDR_SERIAL BIT WIDTH - 4 : 0 ] < ADDR RANGE END) )begin
slaveHitOut <= 1'bl;
if(splitIn)begin
case_reg <= IDLE STATE;
stateRegOut <= 2'b10; //Indicates out of range and
being split
shift reg <= { ADDR_SERIAL BIT WIDTH {1'b0} };
readyOut <= 1'bl;
end
else begin
if (addrReadyIn)begin
case_reg <= SPLIT STATE;
addrOut <= shift reg[ ADDR_SERIAL BIT WIDTH - 1 : 0

1;
addrValidOut <=

1'bl;



132
133
134
135
136
137
138
139
140
141
142
143

144
145
146
147
148
149
150
151
152
153

154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

ackSignalOut
stateRegOut

end
else begin
case reg
end
end
end
else begin
case reg
slaveNotHitOut
stateRegOut
being split
shift reg
readyOut
end
end
SPLIT STATE:
begin
slaveHitOut
if (doneIn)begin
case reg
stateRegOut
being split
shift reg
addrOut
addrValidOut
readyOut
ackSignalOut
end
else begin
case reg
end
end
default:
begin
case reg
readyOut
end
endcase
end
end
endmodule

1'bl;

= 2'bll;

CHECK_ RANGE STATE;

= IDLE STATE;

1'b1;
2'p01; //Indicates out of range and

{ ADDR SERIAL BIT WIDTH {1'b0} };

= 1'bl;

1'b0;

= IDLE STATE;
= 2'b00; //Indicates out of range and

{ ADDR SERIAL BIT WIDTH {1'b0} };
{ ADDR OUT BIT WIDTH {1'b0} };
1'b0;

1'bl;

= 1'b0;

SPLIT STATE;

= IDLE STATE;
= 1'bl;
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“timescale 1ns / 1ps

NNV

Company: ENTC,
Author:

Create Date:
Design Name:
Module Name:
Project Name:
Additional Comments:

University of Moratuwa
Miyuru Thathsara | Nadarasar Bahavan

12/17/2020 11:34:15 PM
Slave Interface
slavelnterface

System Bus

NNV

module slavelInterface(

clk,

rst reset,

reset,

dataln,
slaveDataln,
slaveDataValidIn,
addrValidIn,
addrIn,

busyIn,
releasedlIn,
slaveWriteResponseln,
datalOut,
slaveDataValidOut,
slaveDataOut,
slaveAddrValidOut,
slaveAddrOut,
splitoOut,
unsplitoOut,
slaveReadEnOut,
slaveWriteEnOut,
slaveDataReadyOut,
addrReadyOut,
addrDoneOut,
preSwapOut,
swapGrantOut

)

“include "log.v"

o
// Parameters
A o
parameter DATA BUS WIDTH
parameter ADDR BUS WIDTH

parameter ADDR SERIAL BIT WIDTH
parameter DATA SERIAL BIT WIDTH

16;
16;
19;
17;

L1111 111TT77707777111777770077771777777707077771117777007777717177777777711177777177

// Local Parameters

NNV

localparam

localparam IDLE_STATE
localparam JUNCTION_STATE
localparam SPLIT_ STATE
localparam UNSPLIT_ STATE

localparam
localparam
localparam
localparam
localparam

localparam PUT ADDR STATE

localparam
localparam

ADDR SERIAL BIT WIDTH - 1;
LITIT1ITTT 770077700177 777000777711777777707777111777700707777171777770777711177777177

CASE REG BIT WIDTH

FETCH DATA STATE

READ SWAP STATE

WRITE SWAP STATE

WRITE COMPLETE STATE
READ CASE ~REG BIT _WIDTH

DATA WAIT STATE

SWAP COUNTER WIDTH
CountZWidth(DATA BUS WIDTH + 1);
localparam ADDR IN BIT _WIDTH

37
3'b000;
3'b001;
3'b010;
3'b011;
3'b100;
3'b101;
3'pb110;
3'b111;
1;
1'b0;
1'bl;



68 // 1/0 pins
69 L1707 0777707077777 77777777777777777777777

70 input clk;

71 input rst reset;

72 input reset;

73 input dataln;

74 input [ DATA BUS WIDTH - 1 : O ] slaveDataln;

75 input slaveDataValidIn;
76 input addrValidIn;

77  input [ ADDR_IN BIT WIDTH - 1 : 0 ] addrin;

78 input busyIn;

79 input releasedIn;

80 input slaveWriteResponseln;
81 output dataOut;

82 output reg slaveDataValidOut;
83 output reg [ DATA BUS WIDTH - 1 : 0 ] slaveDataOut;

84 output reg slaveAddrValidOut;
85 output reg [ ADDR BUS WIDTH - 1 : 0 ] slaveAddrOut;

86 output reg splitOut;

87 output reg unsplitOut;

88 output reg slaveReadEnOut;

89 output reg slaveWriteEnOut;
90 output reg slaveDataReadyOut;
91 output reg addrReadyOut;

92 output reg addrDoneOut;

93 output reg preSwapOut;

94 output reg swapGrantOut;

95 L1777 777777777777 77 7777777777777 7777777777777777777777777777777777777777777777777
96 // Wires and Registers
97 L1777 777777777777 7777 77777777777 7777777777777777777777777777777777777777777777777

98 reg [ CASE REG BIT WIDTH - 1 : O ] case reg;

99 reg [ READ CASE REG BIT WIDTH - 1 01 read case reg;

100 reg [ DATA SERIAL BIT WIDTH - 1 : O ] data reg;

101 reg [ SWAP COUNTER WIDTH - 1 : O ] swap_ counter;

102 reg swap_counter flag;
103 reg reset a;

104 reg reset b;

105 reg [ ADDR IN BIT WIDTH - 1 : O ] addr_integrate reg;
106 wire reset wire;

107 LIV 0770777777777
108 // Implementation

109 L1100 )77 7777777777777 70777777777
110

111 assign reset wire = reset | reset b;
112 assign dataOut = data regl[
DATA SERIAL BIT WIDTH - 1 ];

113

114 always@ (posedge clk)begin

115 if (~rst reset)begin

116 reset _a <= 1'b0;

117 reset b <= 1'b0;

118 end

119 else begin

120 reset a <= reset;

121 reset b <= reset a;

122 end

123 end

124

125 always@ (posedge clk or negedge reset wire)begin

126 if (~reset wire)begin

127 slaveDataValidOut <= 1'b0;

128 slaveDataOut <= { DATA BUS WIDTH
{1'00} };

129 slaveAddrValidOut <= 1'b0;

130 slaveAddrOut <= { ADDR BUS WIDTH
{1'00} };

131 splitOut <= 1'b0;

132 unsplitoOut <= 1'b0;

133 slaveDataReadyOut <= 1'b0;



134
135
136
137

138

139
140

141

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194

195
196
197

addrReadyOut <= 1'b0;
slaveReadEnOut <= 1'b0;
slaveWriteEnOut <= 1'b0;
data reg <= {
DATA SERIAL BIT WIDTH {1'bO} };
addr_integrate reg <= {
ADDR IN BIT WIDTH {1'b0} };
read case_ reg <= 1'b0;
case reg <= {
CASE REG BIT WIDTH {1'b0} };
swap_counter <= {
SWAP COUNTER WIDTH {1'b0} };
swap_counter flag <= 1'b0;
addrDoneOut <= 1'b0;
preSwapOut <= 1"'"b0;
swapGrantOut <= 1"'b0;
end
else begin
case (case_regq)
IDLE STATE:
begin
if (addrReadyOut)begin
if (addrvValidIn)begin
addr_integrate reg <= addrln;
addrReadyOut <= 1'b0;
addrDoneOut <= 1'bl;
case_reg <= JUNCTION STATE;
end
else begin
addrReadyOut <= 1'bl;
addrDoneOut <= 1'b0;
case_reg <= IDLE STATE;
end
end
else begin
addrReadyOut <= 1'bl;
addrDoneOut <= 1'b0;
case_reg <= IDLE STATE;
end
end
JUNCTION STATE:
begin
unsplitoOut <= 1'b0;
if (busyIn)begin
swapGrantOut <= 1'b0;
splitOut <= 1'bl;
case reg <= SPLIT STATE;
end
else begin
splitOut <= 1'b0;
if (addr integrate reg[ ADDR IN BIT WIDTH - 1 ])begin
swapGrantOut <= 1'b1l;
case_reg <= FETCH DATA STATE;
end
else begin
if (addr integrate reg[ADDR IN BIT WIDTH - 2])begin
swapGrantOut <= 1'b1l;
case_reg <= WRITE SWAP STATE;
end
else begin
swapGrantOut <= 1'b0;
addrReadyOut <= 1'bl;
addrDoneOut <= 1'b0;
case_reg <= IDLE STATE;
addr_integrate reg <= {

ADDR IN BIT WIDTH {1'b0} };
end
end
end



198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

230
231
232
233
234
235
236
237
238
239
240
241

242

243
244
245

246
247
248
249
250
251
252
253
254
255
256
257

258
259
260
261

end
SPLIT STATE:
begin
splitOut
if (~busyIn)begin
case_reg
end
else begin
case_reg
end
end
UNSPLIT STATE:
begin
if (releasedIn)begin
unsplitOut
splitOut
case_reg
end
else begin
unsplitOut
splitOut
case_reg
end
end
FETCH DATA STATE:
begin
case (read case regq)
PUT ADDR_STATE:
begin
slaveReadEnOut
slaveDataReadyOut
slaveAddrOut

addr_integrate reg[ ADDR_IN BIT WIDTH - 3

slaveAddrValidOut
read case_ reg
case reg
end
DATA WAIT STATE:
begin
if (slaveDataValidIn)begin
preSwapOut
slaveReadEnOut
slaveDataReadyOut
slaveAddrValidOut
slaveAddrOut
{1'00} };
data reg
slaveDataln };
read case_ reg
case reg
swap_ counter
SWAP COUNTER WIDTH {1'b0O}
end
else begin
read case_ reg
case reg
end
end
endcase
end
READ SWAP STATE:
begin
if (swap_counter == 0)begin
swap_ counter
1'bl;
preSwapOut
case reg
end
else begin

};

<= 1'bl;

A
I

UNSPLIT STATE;

<= SPLIT STATE;
<= 1'b0;
<= 1'b0;

<= JUNCTION STATE;

<= 1'bl;
<= 1'bl;
<= UNSPLIT STATE;

<= 1'bl;
<= 1'bl;
<=

01

<= 1'b1l;

<= DATA WAIT STATE;
<= FETCH DATA STATE;

<= 1'b1l;
<= 1'b0;
<= 1'b0;
<= 1'b0;

<= { ADDR_BUS WIDTH
<= { 1'b1,
<= PUT ADDR_STATE;

<= READ SWAP STATE;
<= {

<= DATA WAIT STATE;
<= FETCH DATA STATE;

<= swap_counter +

<= 1'bl;
<= READ SWAP STATE;



262
263

264
265
266
267
268
269
270

271
272
273
274

275

276
277
278
279
280
281
282
283
284

285
286
287
288
289
290
291
292
293

294
295

296

297
298
299
300

301
302
303
304
305
306

307
308
309
310
311
312
313
314
315

316
317

318

end
end

if (swap_ counter <

end

swap_ counter
1'bl;

data reg
preSwapOut
case reg

else begin

end

swapGrantOut

addr integrate reg
ADDR IN BIT WIDTH {1'b0O}

addrReadyOut
addrDoneOut
preSwapOut
data reg

};

DATA SERIAL BIT WIDTH {1'b0O}

swap_ counter

SWAP COUNTER WIDTH {1'b0O}

case_reg

WRITE SWAP STATE:

begin

if (swap_counter flag)begin
if (swap_counter < DATA SERIAL BIT WIDTH)begin

end

end

swap_ counter
1'bl;

data reg
preSwapOut
data reg[0]
case _reg

else begin

end

swapGrantOut

swap_counter flag

swap_ counter

SWAP COUNTER WIDTH {1'b0}
slaveWriteEnOut

slaveDataOut

DATA SERTIAL BIT WIDTH -

slaveAddrOut

addr integrate reg[ ADDR IN BIT WIDTH - 3
slaveDataValidOut
slaveAddrValidOut

preSwapOut
case reg

WRITE COMPLETE STATE;

else begin
if (dataIn)begin

end
end

end

swap_counter flag

swap_ counter

SWAP COUNTER WIDTH {1'b0O}

preSwapOut

case_reg

WRITE COMPLETE STATE:

begin

if (slaveWriteResponseIn)begin
addr integrate reg
ADDR IN BIT WIDTH {1'b0O}

slavelriteEnOut

slaveDataOut
{1'b0} };
slaveAddrOut

};

};

};

DATA SERIAL BIT WIDTH)begin

};

1;

A
I

swap_ counter +
= data reg << 1;

= 1'bl;

= READ SWAP STATE;

= 1'b0;

{

1'bl;

= 1'b0;

1'b0;

{
{

IDLE STATE;

swap_ counter +

= data reg << 1;

1'bl;

dataln;

= WRITE SWAP STATE;

1'bl;

= data regl[

1;

1'bl;

1'bl;

= 1'b0;

1'bl;

{

= 1'bl;

WRITE SWAP STATE;

{

1'b0;

{ DAT

A _BUS_WIDTH

{ ADDR BUS WIDTH



319
320
321
322
323

324
325
326
327

328
329
330
331
332
333

{100} };
slaveDataValidOut
slaveAddrValidOut
addrReadyOut
addrDoneOut
data reg
DATA SERIAL BIT WIDTH {1'b0} };
case reg
end
else begin
case reg
WRITE COMPLETE STATE;
end
end
endcase
end
end
endmodule

= 1'b]
= 1'b

1'b0
1" Dbl

(@)
Ne Ne N

O +
~e.

{

IDLE STATE;
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48

49

50

51

52
53
54
55
56
57
58

59

60
61

“timescale 1ns / 1ps
L1777 77777777777 777 7777777777777 7777777777777777777777777777777777777777777777777
// Company: ENTC, University of Moratuwa

// Author:

// Create
// Design
// Module

Miyuru Thathsara | Nadarasar Bahavan

Date: 12/23/2020 08:17:03 AM
Name: Top module testbench
Name: top TB

// Project Name: System Bus
// Additional Comments:

NNV

module top TB();

NN

// Parameters

NNV

parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter
parameter

MASTER INT STATE REG WIDTH
ADDR DECODE_STATE REG WIDTH
NUM_OF MASTERS

NUM_OF SLAVES
DATA BUS WIDTH
ADDR BUS WIDTH

ADDR_SERIAL BIT WIDTH

DATA SERIAL BIT WIDTH
SLAVE1 ADDR_RANGE BEGIN
SLAVE1 ADDR_RANGE END
SLAVE2 ADDR RANGE BEGIN
SLAVE2 ADDR_RANGE END
SLAVE3 ADDR RANGE BEGIN
SLAVE3 ADDR_RANGE END

3;
2;
2;
3;
16;
16;
19;
17;
0;
1024;
1024;
2048;
2048;
4096 ;

L1777 777777777777 7777 77777777777 7777777777777777777777777777777777777777777777777
// Local Parameters
L1717 777777777777 77 7777777777777 7777777777777777777777777777777777777777777777777
localparam NUM OF TESTS
localparam DATA BOUND

localparam ADDR_BOUND

L1777 777 777777777777 777777777777 7777777777777777777777777777777777777777777777777
// Wires and Registers

L1077 7777777777777 7777777777777 777777777

reg
reg
reg
reg

bosslRequestIn;

reg

boss2RequestIn;

reg

[ ADDR BUS WIDTH - 1

bosslAddressIn;

reg

[ ADDR BUS WIDTH - 1

boss2AddressIn;

reg

bosslAddressValidIn;

reg

boss2AddressValidIn;

reg
reg
reg
reg
reg
reg
reg

[ DATA BUS WIDTH - 1
[ DATA BUS WIDTH - 1

bosslDataValidIn;

reg

boss2DataValidlIn;

reg
reg

[ DATA BUS WIDTH - 1
[ DATA BUS WIDTH - 1

= 10;
= 1000;
= 4096;

clk;
rst reset;
reset;

bosslReadlIn;
boss2ReadlIn;
bosslWriteln;
boss2Writeln;
bosslDataln;
boss2Dataln;

slavelDataln;
slave2Dataln;



62
63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

reg [ DATA BUS WIDTH -

reg

slavelDataVvalidIn;

reg

slavezDataVvalidIn;

reg

slave3DatavalidIn;

reg
slavelWriteResponseln;
reg
slave2WriteResponseln;
reg
slave3WriteResponseln;
reg

reg

reg

wire [ DATA BUS WIDTH -
wire [ DATA BUS WIDTH -

wire

bosslDataValidOut;

wire

boss2DataValidoOut;

wire

boss1NoAddressOut;

wire

boss2NoAddressOut;

wire

slavelDataValidOut;

wire

slave2DataValidOut;

wire

slave3DataValidOut;

wire [ DATA BUS WIDTH
slavelDataOut;

wire [ DATA BUS WIDTH
slave2DataOut;

wire [ DATA BUS WIDTH
slave3DataOut;

wire

slavelAddrValidOut;

wire

slave2AddrValidOut;

wire

slave3AddrValidOut;

wire [ ADDR_BUS WIDTH
slavelAddrOut;

wire [ ADDR_BUS WIDTH
slave2AddrOut;

wire [ ADDR_BUS WIDTH
slave3AddrOut;

wire

slavelReadEnOut;

wire

slave2ReadEnOut;

wire

slave3ReadEnOut;

wire

slavelWriteEnOQut;

wire

slave2WriteEnQut;

wire

slave3WriteEnOQOut;

wire

slavelDataReadyOut;

wire

slave2DataReadyOut;

wire

slave3DataReadyOut;

wire

slave3Dataln;

slavelBusyIn;
slave2BusylIn;
slave3BusylIn;
bosslDataOut;
boss2DatalOut;



bosslDataAddrReadyOut ;
100 wire

boss2DataAddrReadyOut ;
101 wire

bosslTransIncompleteOut;
102 wire

boss2TransIncompleteOut;
103 integer il;
104 LIV 7077777777777 7777777777777
105 // Implementation
106 LIV LT 0777777777777 777777077777
107

108 // Bounded Random Number generator function

109 function [ ADDR BUS WIDTH - 1 : O ]randomBoundNum;

110 input integer bound;

111 begin

112 randomBoundNum = Surandom $% bound;

113 end

114 endfunction

115

116 always #5 clk = ~clk;

117

118 initial begin

119 #0;

120 clk = 1'b0;

121 rst reset = 1'b0;

122 reset = 1'b0;

123 // boss communicating ports

124 bosslRequestIn = 1'b0;

125 boss2RequestIn = 1'b0;

126 bosslAddressIn = {
ADDR _BUS WIDTH {1'b0} };

127 boss2AddressIn = {
ADDR _BUS WIDTH {1'b0} };

128 bosslAddressValidIn = 1'b0;

129 boss2AddressValidIn = 1'b0;

130 bosslReadIn = 1'b0;

131 boss2ReadIn = 1'b0;

132 bosslWriteIn = 1'b0;

133 boss2Writeln = 1'b0;

134 bosslDataln = {
DATA BUS WIDTH {1'b0} };

135 boss2Dataln = {
DATA BUS WIDTH {1'b0} };

136 bosslDatavValidIn = 1'b0;

137 boss2DataValidIn = 1'b0;

138 // slave communicating ports

139 slavelDataln = {
DATA BUS WIDTH {1'b0} };

140 slave2Dataln ={
DATA BUS WIDTH {1'b0} };

141 slave3Dataln = {
DATA BUS WIDTH {1'b0} };

142 slavelDataValidIn = 1'b0;

143 slave2DataValidIn = 1'b0;

144 slave3DataValidIn = 1'b0;

145 slavelWriteResponselIn = 1'b0;

146 slave2WriteResponseln = 1'b0;

147 slave3WriteResponseln = 1'b0;

148 slavelBusyIn = 1'b0;

149 slave2BusyIn = 1'b0;

150 slave3BusyIn = 1'b0;

151 #20;

152 rst reset = 1"bl;

153 #20;

154 rst reset = 1'b0;

155 #20;

156 rst reset = 1'bl;

157 reset = 1"'"bl;



158 $#20;

159 reset = 1'b0;
160 #20;

161 reset = 1"'"bl;
162 // for(il = 0; il < NUM OF TESTS; il = il + 1)begin

163 #10;

164

[7777777777777777777777/777777777/77777777777777/77777777777777777777777777777777777
[7717777777777777777777

165 // Random Read and Write block

166
[1777777777777777777777777777777/77777777777777/77777777777777777777777777777777777
/7777777777777 777777777

167 // bosslRequestIn =
randomBoundNum (2) ;

168 // 1f (bosslRequestIn)begin

169 // boss2RequestIn =
randomBoundNum (2) ;

170 // end

171 // else begin

172 // boss2RequestIn =
1'bl;

173 // end

174 // case ({bosslRequestIn, boss2RequestIn})

175 // 2'b00:

176 // begin

177 // bosslAddressIn = {
ADDR_BUS WIDTH {1'b0} };

178 // boss2AddressIn = {
ADDR_BUS WIDTH {1'b0} };

179 // bosslAddressValidIn =
1'b0;

180 // boss2AddressValidIn =
1'b0;

181 // bosslReadIn =
1'b0;

182 // boss2ReadIn =
1'b0;

183 // bosslWriteln =
1'b0;

184 // boss2Writeln =
1'b0;

185 // bosslDataln = {
DATA BUS WIDTH {1'bO0} };

186 // boss2Dataln = {
DATA BUS WIDTH {1'bO0} };

187 // bosslDataValidIn =
1'b0;

188 // boss2DataValidIn =
1'b0;

189 // end

190 // 2'b01:

191 // begin

192 // bosslAddressIn = {
ADDR_BUS WIDTH {1'b0} };

193 // boss2AddressIn =
randomBoundNum (ADDR_BOUND) ;

194 // bosslAddressValidIn =
1'b0;

195 // boss2AddressValidIn =
1'bl;

196 // bosslReadIn =
1'b0;

197 // boss2ReadIn =
randomBoundNum (2) ;

198 // bosslWriteln =
1'b0;

199 // boss2Writeln =

~boss2ReadlIn;



200 // bosslDataln
DATA BUS WIDTH {1'b0} };

201 // bosslDataValidIn
1'b0;

202 // if (boss2WritelIn)begin

203 // boss2Dataln
randomBoundNum (DATA BOUND) ;

204 // boss2DataValidIn
1'bl;

205 // end

206 // else begin

207 // boss2Dataln
DATA BUS WIDTH {1'b0} };

208 // boss2DataValidIn
1'b0;

209 // end

210 // end

211 // 2'bl0:

212 // begin

213 // bosslAddressIn
randomBoundNum (ADDR_BOUND) ;

214 // boss2AddressIn
ADDR_BUS WIDTH {1'b0} };

215 // bosslAddressValidIn
1'bl;

216 // boss2AddressValidIn
1'b0;

217 // bosslReadIn
randomBoundNum (2) ;

218 // boss2ReadIn
1'b0;

219 // bosslWritelIn
~bosslReadIn;

220 // boss2Writeln
1'b0;

221 // boss2Dataln
DATA BUS WIDTH {1'bO0} };

222 // boss2DataValidIn
1'b0;

223 // if (bosslWriteIn)begin

224 // bosslDataln
randomBoundNum (DATA BOUND) ;

225 // bosslDataValidIn
1'bl;

226 // end

227 // else begin

228 // bosslDataln
DATA BUS WIDTH {1'bO0} };

229 // bosslDataValidIn
1'b0;

230 // end

231 // end

232 // 2'bll:

233 // begin

234 // bosslAddressIn
randomBoundNum (ADDR_BOUND) ;

235 // boss2AddressIn
randomBoundNum (ADDR _BOUND) ;

236 // bosslAddressValidIn
1'bl;

237 // boss2AddressValidIn
1'bl;

238 // bosslReadIn
randomBoundNum (2) ;

239 // boss2ReadIn
randomBoundNum (2) ;

240 // bosslWriteln
~bosslReadIn;

241 // boss2WritelIn



~boss2ReadIn;

242 // if (bosslWriteIn)begin

243 // bosslDataln =
randomBoundNum (DATA BOUND) ;

244 // bosslDatavalidIn =
1'bl;

245 // end

246 // else begin

247 // bosslDataln =
DATA BUS WIDTH {1'b0} };

248 // bosslDatavValidIn =
1'b0;

249 // end

250 // if (boss2WritelIn)begin

251 // boss2Dataln =
randomBoundNum (DATA BOUND) ;

252 // boss2DatavValidIn =
1'bl;

253 // end

254 // else begin

255 // boss2Dataln =
DATA BUS WIDTH {1'b0} };

256 // boss2DatavValidIn =
1'b0;

257 // end

258 // end

259 // endcase

260
[T 7770777777777
[T 0707777777

261 bosslRequestIn = 1'bl;

262 boss2RequestIn = 1'bl;

263 bosslAddressIn = 1055;

264 boss2AddressIn = 1300;

265 bosslAddressValidIn = 1'bl;

266 boss2AddressValidIn = 1'bl;

267 bosslReadIn = 1'bl;

268 boss2ReadIn = 1'bl;

269 bosslWriteIn = 1'b0;

270 boss2WritelIn = 1'b0;

271 bosslDataln = {
DATA BUS WIDTH {1'b0} };

272 boss2Dataln = {
DATA BUS WIDTH {1'b0} };

273 bosslDatavValidIn = 1'b0;

274 boss2DatavValidIn = 1'b0;

275 Sdisplay("Masterl Addressing Address: ", bosslAddressIn);

276 Sdisplay("Master2 Addressing Address: ", boss2AddressIn);

277 if (bosslAddressIn >= SLAVEl ADDR RANGE BEGIN && bosslAddressIn <
SLAVELl ADDR RANGE END)begin

278 Sdisplay("Masterl wants to communicate with slavel!!!!™);

279 end

280 else begin

281 if (bosslAddressIn >= SLAVE2 ADDR RANGE BEGIN && bosslAddressIn <

SLAVE2 ADDR RANGE END)begin

282 Sdisplay("Masterl wants to communicate with slave2!!!!");

283 end

284 else begin

285 if (bosslAddressIn >= SLAVE3 ADDR RANGE BEGIN && bosslAddressIn <

SLAVE3 ADDR RANGE END)begin

286 Sdisplay("Masterl wants to communicate with slave3!!!!");

287 end

288 else begin

289 Sdisplay("Address is out of space!!!!");

290 end

291 end

292 end

293 if (boss2AddressIn >= SLAVEl ADDR RANGE BEGIN && boss2AddressIn <

SLAVEl ADDR RANGE END)begin



294 Sdisplay("Master2 wants to communicate with slavel!!!!™);
295 end

296 else begin
297 if (boss2AddressIn >= SLAVE2 ADDR RANGE BEGIN && boss2AddressIn <
SLAVE2 ADDR RANGE END)begin
298 Sdisplay("Master2 wants to communicate with slave2!!!!");
299 end
300 else begin
301 if (boss2AddressIn >= SLAVE3 ADDR RANGE BEGIN && boss2AddressIn <
SLAVE3 ADDR RANGE END)begin
302 Sdisplay("Master2 wants to communicate with slave3!!!!");
303 end
304 else begin
305 Sdisplay("Address is out of space!!!!");
306 end
307 end
308 end
309 // Wait till master interface is ready to receive data and address from master
310 while (~bosslDataAddrReadyOut && ~boss2DataAddrReadyOut)begin
311 @ (posedge clk);
312 end
313
314 bosslRequestIn =
1'b0;
315 boss2RequestIn =
1'b0;
316 bosslAddressValidIn =
1'b0;
317 boss2AddressValidIn =
1'b0;
318 bosslDatavValidIn =
1'b0;
319 boss2DatavValidIn =
1'b0;
320
321 // 1f (bosslRequestIn)begin
322 // bosslRequestIn
= 1'b0;
323 // bosslAddressValidIn
= 1'b0;
324 // bosslDatavValidIn
= 1'b0;
325 // end
326 // else begin
327 // boss2RequestIn
= 1'b0;
328 // boss2AddressValidIn
= 1'b0;
329 // boss2DatavValidIn
= 1'b0;
330 // end
331
332 // slavelBusyIn
= 1'bl;
333 slave2BusyIn
1'b1;
334 // slave3BusyIn
= 1'bl;
335 #300;
336 // slavelBusyIn
= 1'b0;
337 slave2BusyIn
1'b0;
338 // slave3BusyIn
= 1'b0;
339
340

L1077 7777777777777 7777777777 7

[1117777777777777777



341 // Random Read and Write block

342
[1777777777777777777777777777777/77777777777777/77777777777777777777777777777777777
/1777777777777 777777
343 // 1f (bosslDataAddrReadyOut)begin
344 // Sdisplay ("Masterl has granted Permission by the Arbitor!!!!");
345 // if (bosslReadIn)begin
346 // // Read data operation
347 // while (~slavelAddrValidOut && ~slave2AddrValidOut &&
~slave3AddrValidOut)begin
348 // @ (posedge clk) ;
349 // end
350
351 // if (slavelAddrValidOut)begin
352 //
slavelDataln =
randomBoundNum (DATA BOUND) ;
353 //
slavelDataValidIn =
1'bl;
354 // end
355 // else begin
356 // if (slave2AddrValidOut)begin
357 //
slave2Dataln —
randomBoundNum (DATA BOUND) ;
358 //
slave2DataValidIn = 1'bl;
359 // end
360 // else begin
361 // if (slave3AddrValidOut)begin
362 //
slave3Dataln —
randomBoundNum (DATA BOUND) ;
363 //
slave3DataValidIn = 1'bl;
364 // end
365 // end
366 // end
367
368 // while (slavelAddrValidOut || slave2AddrValidOut ||
slave3AddrValidOut)begin
369 // @ (posedge clk) ;
370 // end
371
372 //
slavelDataln
= { DATA BUS WIDTH {1'bO} };
373 //
slave2Dataln
= { DATA BUS WIDTH {1'bO0} };
374 //
slave3Dataln
= { DATA BUS WIDTH {1'bO0} };
375 //
slavelDataValidIn
= 1'b0;
376 //
slave2DataValidIn
= 1'b0;
377 //
slave3DataValidIn
= 1'b0;
378 // end
379 // else begin
380 // if (bosslWriteIn)begin
381 // // Write data operation
382 // // Wait till Adress valid or data valid comes out to the slave

383 // while (~slavelAddrValidOut && ~slavelDataValidOut &é&



384
385
386
387
388

389
390
391
392

393
394
395
396

397
398
399
400
401
402
403
404

405

406

407
408
409
410
411
412
413
414

415
416
417
418
419

420

421
422
423
424

425
426
427

428
429

430

~slave2AddrValidOut && ~slaveZ2DataValidOut && ~slave2AddrValidOut &&
~slave3DataValidOut)begin

// @ (posedge clk);

// end

// if (slavelAddrValidOut || slavelDataValidOut)begin

//

slavelWriteResponseln

// end

// else begin

// if (slave2AddrvalidoOut || slave2DataValidOut)begin

slave2WriteResponseln
// end
// else begin

= 1'bl;

= 1'bl;

// if (slave3AddrvalidoOut || slave3DataValidOut)begin

//

slave3WriteResponseln = 1'bl;

// end
// else begin

// end
// end
// end

// #30;

//
slavelWriteResponseln
1'b0;

//
slave2WriteResponseln
1'b0;

//
slave3WriteResponseln
1'b0;

// end

// end

// end

// else begin

// Sdisplay ("Master2 has granted Permission by the Arbitor!!!!");

// if (boss2ReadIn)begin

// // Read data operation

// while (~slavelAddrValidOut && ~slave2AddrValidOut &é&
~slave3AddrValidOut)begin

// @ (posedge clk) ;

// end

// if (slavelAddrValidOut)begin

//

slavelDataln

randomBoundNum (DATA BOUND) ;

//

slavelDataValidIn

1'bl;

// end

// else begin

// if (slave2AddrValidOut)begin

slave2Dataln
randomBoundNum (DATA BOUND) ;
//

slave2DataValidIn

// end

// else begin
// if (slave3AddrValidOut)begin
//

slave3Dataln
randomBoundNum (DATA BOUND) ;
//

slave3DataValidIn



431
432
433
434
435

436
437
438
439

440

441

442

443

444

445
446
447
448
449
450

451
452
453
454
455

456
457
458
459

460
461
462
463

464
465
466
467
468
469
470
471

472

473

474
475

// end
// end
// end

// while (slavelAddrValidOut || slave2AddrValidOut ||
slave3AddrValidOut)begin

// @ (posedge clk) ;

// end

//

slavelDataln

= { DATA BUS WIDTH {1'bO0} };

//

slave2Dataln

= { DATA BUS WIDTH {1'bO0} };

//

slave3Dataln

= { DATA BUS WIDTH {1'bO} };

//

slavelDataValidIn

= 1'b0;

//

slave2DataValidIn

= 1'b0;

//

slave3DataValidIn

= 1'b0;

// end

// else begin

// if (boss2WritelIn)begin

// // Write data operation

// // Wait till Adress valid or data valid comes out to the slave
// while (~slavelAddrValidOut && ~slavelDataValidOut &&
~slave2AddrValidOut && ~slaveZ2DataValidOut && ~slave2AddrValidOut &&
~slave3DataValidOut)begin

// @ (posedge clk);

// end

// if (slavelAddrValidOut || slavelDataValidOut)begin

//

slavelWriteResponseln = 1'bl;
// end

// else begin

// if (slave2AddrvalidoOut || slave2DataValidOut)begin

slave2WriteResponseln = 1'bl;
// end

// else begin

// if (slave3AddrvalidoOut || slave3DataValidOut)begin

//

slave3WriteResponseln = 1'bl;

// end

// else begin

// end

// end

// end

// #30;

//

slavelWriteResponseln =
1'b0;

//

slave2WriteResponseln =
1'b0;

//

slave3WriteResponseln =
1'b0;

// end

// end



476 // end

477
L1777 777 777777777777 7777777777777 77777777777777777777777/777777777777777777777777
[/ 77077777777777777
478
479 // Write data operation
480 // Wait till Adress valid or data valid comes out to the slave
481 // while (~slavelAddrValidOut && ~slavelDataValidOut && ~slave2AddrValidOut &s&
~slave2DataValidOut && ~slave2AddrValidOut && ~slave3DataValidOut)begin
482 // @ (posedge clk);
483 // end
484
485 // if (slavelAddrValidOut || slavelDataValidOut)begin
486 // slavelWriteResponseln
= 1'bl;
487 // end
488 // else begin
489 // if (slave2AddrvalidOut || slave2DataValidOut)begin
490 // slave2WriteResponseln
= 1'bl;
491 // end
492 // else begin
493 // if (slave3AddrValidOut || slave3DataValidOut)begin
494 // slave3WriteResponseln
= 1'bl;
495 // end
496 // else begin
497 // Sdisplay ("Something Wrong!!!!!™);
498 // end
499 // end
500 // end
501 // #30;
502 // slavelWriteResponseln
= 1'b0;
503 // slave2WriteResponseln
= 1'b0;
504 // slave3WriteResponseln
= 1'b0;
505
506 // while (~slavelAddrValidOut && ~slavelDataValidOut && ~slave2AddrValidOut &s&
~slave2DataValidOut && ~slave2AddrValidOut && ~slave3DataValidOut)begin
507 // @ (posedge clk);
508 // end
509
510 // if (slavelAddrValidOut || slavelDataValidOut)begin
511 // slavelWriteResponselIn
= 1'bl;
512 // end
513 // else begin
514 // if (slave2AddrvalidOut || slave2DataValidOut)begin
515 // slave2WriteResponseln
= 1'bl;
516 // end
517 // else begin
518 // if (slave3AddrvalidOut || slave3DataValidOut)begin
519 // slave3WriteResponseln
= 1'bl;
520 // end
521 // else begin
522 // Sdisplay ("Something Wrong!!!!!™);
523 // end
524 // end
525 // end
526 // #30;
527 // slavelWriteResponseln
= 1'b0;
528 // slave2WriteResponseln
= 1'b0;

529 // slave3WriteResponseln



530
531
532
533
534
535
536
537

538

539
540
541
542

543

544
545
546
547

548

549
550
551
552
553
554
555
556
557

558

559

560

561

562

563
564
565
566
567
568
569

570

571
572
573
574

575
576
577
578
579

580

= 1'b0;

// Read data operation

while (~slavelAddrValidOut && ~slave2AddrValidOut && ~slave3AddrValidOut)begin
@ (posedge clk);

end

if (slavelAddrValidOut)begin
slavelDataln
= randomBoundNum (DATA BOUND) ;
slavelDataValidIn
= 1"bl;
end
else begin
if (slave2AddrvValidOut)begin
slave2Dataln
= randomBoundNum (DATA BOUND) ;
slave2DataValidIn
= 1"bl;
end
else begin
if (slave3AddrValidOut)begin
slave3Dataln
= randomBoundNum (DATA BOUND) ;
slave3DataValidIn
= 1"bl;
end
end
end

while (slavelAddrValidOut || slave2AddrValidOut || slave3AddrValidOut)begin
@ (posedge clk);
end

slavelDataln

= { DATA BUS WIDTH {1'b0} };
slave2Dataln

= { DATA BUS WIDTH {1'b0} };
slave3Dataln

= { DATA BUS WIDTH {1'b0} };
slavelDataValidIn

= 1'b0;

slave2DataValidIn

= 1'b0;

slave3DataValidIn

= 1'b0;

while (~slavelAddrValidOut && ~slave2AddrValidOut && ~slave3AddrValidOut)begin
@ (posedge clk) ;
end

if (slavelAddrValidOut)begin
slavelDataln
= randomBoundNum (DATA BOUND) ;
slavelDataValidIn
= 1"bl;
end
else begin
if (slave2AddrvValidOut)begin
slave2Dataln
= randomBoundNum (DATA BOUND) ;
slave2DataValidIn
= 1"bl;
end
else begin
if (slave3AddrValidOut)begin
slave3Dataln
= randomBoundNum (DATA BOUND) ;
slave3DataValidIn



581
582
583
584
585
586
587
588
589

590

591

592

593

594

595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642

/

end

topi (

= 1"bl;
end
end
end

while (slavelAddrValidOut || slave2AddrValidOut || slave3AddrValidOut)begin
@ (posedge clk) ;
end

slavelDataln

= { DATA BUS WIDTH {1'b0} };
slave2Dataln

= { DATA BUS WIDTH {1'b0} };
slave3Dataln

= { DATA BUS WIDTH {1'b0} };
slavelDataValidIn

= 1'b0;

slave2DataValidIn

= 1'b0;

slave3DataValidIn

= 1'b0;

/ end

.MASTER INT STATE REG _WIDTH(MASTER INT STATE REG WIDTH),
.ADDR_DECODE_STATE REG WIDTH (ADDR DECODE_STATE REG WIDTH),
.NUM_OF MASTERS (NUM_OF MASTERS),

.NUM_OF SLAVES (NUM_OF SLAVES),

.DATA BUS WIDTH(DATA BUS_WIDTH),

.ADDR_BUS WIDTH(ADDR_BUS WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),

.DATA SERIAL BIT WIDTH(DATA SERIAL BIT WIDTH),

.SLAVE1 ADDR_RANGE BEGIN(SLAVE1l ADDR RANGE BEGIN),
.SLAVE1 ADDR_RANGE END (SLAVE1 ADDR_RANGE END),

.SLAVE2 ADDR_RANGE BEGIN(SLAVE2 ADDR RANGE BEGIN),
.SLAVE2 ADDR_RANGE END (SLAVE2 ADDR_RANGE END),

.SLAVE3 ADDR_RANGE BEGIN(SLAVE3 ADDR RANGE BEGIN),
.SLAVE3 ADDR_RANGE END (SLAVE3 ADDR_RANGE_ END)

top (

.clk(clk),
.rst _reset(rst reset),
.reset (reset),

.bosslRequestIn(bosslRequestIn),
.boss2RequestIn(boss2RequestIn),

.bosslAddressIn(bosslAddressIn),
.boss2AddressIn(boss2AddressIn),

.bosslAddressValidIn (bosslAddressValidIn),
.boss2AddressValidIn (boss2AddressValidIn),

.bosslReadIn (bosslReadIn),
.boss2ReadIn (boss2ReadIn),

.bosslWriteIn(bosslWritelIn),
.boss2WriteIn (boss2WritelIn),

.bosslbDatalIn(bosslDataln),
.boss2batalIn(boss2Dataln),

.bosslbDataValidIn(bosslDatavValidIn),
.boss2DbatavValidIn(boss2DatavalidIn),

.slavelDatalIn(slavelDatalIn),
.slave2DatalIn(slave2Dataln),



643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702

.slave3DatalIn(slave3Dataln),

.slavelDataValidIn(slavelDataValidIn),
.slave2DataValidIn(slave2DataValidIn),
.slave3DataValidIn(slave3DatavValidIn),

.slavelWriteResponselIn(slavelWriteResponselIn),
.slave2WriteResponselIn(slave2WriteResponseln),
.slave3WriteResponselIn(slave3WriteResponselIn),

.slavelBusyIn(slavelBusyIn),
.slave2BusyIn(slave2BusyIn),
.slave3BusyIn(slave3BusyIn),

.bosslDataOut (bosslDatalOut),
.boss2DatalOut (boss2Datalut),

.bosslDataValidOut (bosslDatavValidOut),
.boss2DbataValidOut (boss2DatavValidOut),

.slavelDataValidOut (slavelDataValidoOut),
.slave2DataValidOut (slave2DataVvalidoOut),
.slave3DataValidOut (slave3DatavalidoOut),

.slavelDataOut (slavelDataOut),
.slave2DataOut (slave2DatalOut),
.slave3DataOut (slave3DataOut),

.slavelAddrValidOut (slavelAddrValidoOut),
.slave2AddrValidOut (slave2AddrvValidoOut),
.slave3AddrValidOut (slave3AddrvValidoOut),

.slavelAddrOut (slavelAddrOut),
.slave2AddrOut (slave2AddrOut),
.slave3AddrOut (slave3AddrOut),

.slavelReadEnOut (slavelReadEnOut) ,
.slave2ReadEnOut (slave2ReadEnOut) ,
.slave3ReadEnOut (slave3ReadEnOut) ,

.slavelWriteEnOut (slavelWriteEnOut),
.slave2WriteEnOut (slave2WriteEnOut),
.slave3WriteEnOut (slave3WriteEnOut),

.slavelDataReadyOut (slavelDataReadyOut) ,
.slave2DataReadyOut (slave2DataReadyOut) ,
.slave3DataReadyOut (slave3DataReadyOut) ,

.bosslDataAddrReadyOut (bosslDataAddrReadyOut),
.boss2DataAddrReadyOut (boss2DataAddrReadyOut) ,

.boss1NoAddressOut (boss1NoAddressOut),
.boss2NoAddressOut (boss2NoAddressOut) ,

.bosslTransIncompleteOut (bosslTransIncompleteOut),
.boss2TransIncompleteOut (boss2TransIncompleteOut)

)i

endmodule
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33

34

35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

Tti

mescale Ins / 1ps

NNV

Company: ENTC, University of Moratuwa

Author: Miyuru Thathsara

Create Date: 12/18/2020 10:00:04 AM
Design Name: Master Interface TestBench

Module Name: addrDecodeTB
Project Name: System Bus
Additional Comments:

NNV

module MasterTb ()

YNNIV

/7

Parameters

LI 7777777777777 7777777777777 7777777777777 7

par
par
par
par
par
par

ameter STATE REG WIDTH

ameter STATE REG WIDTH ADDRDECODE
ameter ADDR SERIAL BIT WIDTH

ameter ADDR COUNTER WIDTH

ameter DATA SERIAL BIT WIDTH

ameter DATA COUNTER WIDTH

3!

DS 00 B 00N

I3
I3
I3
I3
I3

YNNI

/7

Local Parameters

LIV 7777777777777 0777777777
localparam RAND NUM BOUND ADDR
this to more than 2000 to check for address space
localparam RAND NUM WIDTH ADDR

ADD

R _SERIAL BIT WIDTH - 3;

localparam RAND NUM BOUND DATA
this to more than 2000 to check for address space
localparam RAND NUM WIDTH DATA

DAT
loc
DAT

/17
//L
//F
int
int
int

reg
reg
reg

reg
reg
reg

reg
reg
reg
reg

reg
reg

A SERIAL BIT WIDTH - 1;
alparam RAND NUM WIDTH
A SERIAL BIT WIDTH;

117707777777 7777777777
O0P PARAM/////////////

or loop integers

eger il;

eger 1i2;

eger 1i3;

start bit

rd bit

wr bit

[RAND NUM WIDTH ADDR-1:0]
[RAND NUM WIDTH DATA-1:0]
[RAND NUM WIDTH DATA-1:0]
[3-1:0]

[ADDR SERIAL BIT WIDTH-1:
[DATA SERIAL BIT WIDTH-1:
[DATA SERIAL BIT WIDTH-1:
[ADDR SERIAL BIT WIDTH-1:
[DATA SERIAL BIT WIDTH-1:

= 100; //stick

100; //stick

1'b0;
1'b0;
1'b0;

rand addr;
rand data;
rand data two;

rand junction;
addr integrate;
data integrate;
data integrate two;

tempAddr;
tempDATA;

L1077 7777777777777

/7

Registers and Wires

NN



65
66
67

68
69
70

71
72
73
74

75

76
77

78

79
80
81
82
83

84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

102
103
104
105
106
107

108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

reg

reg
Makes a request here using this.
//reg

It pulls it

reg
Makes a request here using this.
//reg

It pulls it

reg [ADDR SERIAL BIT WIDTH-1:0]
loads the 'Address' of the Slave here.
(Activate) (R) (W) (Data-5bit)

reg [DATA SERIAL BIT WIDTH-1:0]
Boss wants a 'Write' operation done, it will

it is

reg [ADDR SERIAL BIT WIDTH-1:0]
loads the 'Address' of the Slave here.
(Activate) (R) (W) (Data-5bit)

reg [DATA SERIAL BIT WIDTH-1:0]
Boss wants a 'Write' operation done, it will

it is

reg

wire

reset;
BossRequestIn; // Boss
up.
grantAccessIn;
BossRequestIn2; // Boss
up.

grantAccessIn?2;

BossAddressIn; //Boss
of the format (1) (01) (00000) ->

BossDATAIn; //If the
send the data in here.

BossAddressIn?2; //Boss
of the format (1) (01) (00000) ->

BossDATAIn2; //If the
send the data in here.

preSwapln;

releasedIn; //Message

from Arbiter indicating the master has been released.

wire

wire

wire [ 1 0 ] case reg arbiter;
wire [ L 0 ] grantAccessOut;
wire [STATE REG WIDTH-1:0]

wire [STATE REG WIDTH-1:0]

wire [ADDR SERIAL BIT WIDTH-1:0]
wire [ADDR SERIAL BIT WIDTH-1:0]
reg

reg

wire

wire [DATA SERIAL BIT WIDTH-1:0]
wire

requestOut;
requestout2;

case_reg;
case reg2;

AddrSHIFT;
AddrSHIFT2;

splitIn2;
splitIn;

DATAQUT;
DATA;
MasterSplitOut = 0;

// (You are indicating the bus that you are in a SPLIT state)

reg

wire
wire
wire

[DATA SERIAL BIT WIDTH-1:0]

preSwapIn2;

DATAQUTZ2 ;
DATAZ2;
MasterSplitOut2 = 0;

// (You are indicating the bus that you are in a SPLIT state)

LI 7777777777777 7777777777777

//Create a clock

NN

reg clk = 1;
localparam period = 20;
always #10 clk <= ~clk;

integer f£;

reg Start;
reg load;
reg [/:0] LOAD;
reg done;

wire [7:0] SLAVEDATA;



123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191

wire DATAIN;

Shifter SHIFT (.clk(clk),
.done (done) ,
.reset (reset),
.Start (Start),
.load(load),
.LOAD (LOAD) ,
.DATA (SLAVEDATA) ,
.DATAIN (DATAOUT) ,
.DATAOUT (DATAIN)) ;

NNV

// Implementation

reg splitIn arb;
reg dismissedIn;
reg unsplitIn;

wire endOutl;

wire endOut2;

wire endOut;

assign endOut = (endOutl]|endOut2);
L1777 777 777777777777 777777777777 7777777777777777777777777777777777777777777777777
Master M1 (

.clk(clk),

.reset (reset),

.BossRequestIn (BossRequestIn),
.BossAddressIn (BossAddressIn),
.BossDATAIn (BossDATAIN),
.splitIn(splitIn),

.MasterSplitOut (MasterSplitOut),
.releasedIn(releasedIn),

.DATA (DATR2) ,

.DATAIN (DATAIN),

.DATAOUT (DATAOUT) ,
.grantAccessIn(grantAccessOut[1]),
.preSwaplIn (preSwapIn),

.requestOut (requestOut),

.case _reg(case regq),

.AddrSHIFT (AddrSHIFT),

.endOut (endOutl)

)

Master M2 (

.clk(clk),

.reset (reset),
.BossRequestIn(BossRequestIn2),
.BossAddressIn(BossAddressIn2),
.BossDATAIn (BossDATAIN2),
.splitIn(splitIn2),
.MasterSplitOut (MasterSplitOut2),
.releasedIn(releasedIn),

.DATA (DATA2) ,

.DATAIN (DATAINZ),

.DATAOUT (DATAOUT2) ,
.grantAccessIn(grantAccessOut[0]),
.preSwapIn (preSwapIn2),
.requestOut (requestOut?2),

.case _reg(case reg2),

.AddrSHIFT (AddrSHIFT2),

.endOut (endOut?2)

)

117777777777 77777777/777777777777777777777/77/77/7777777777
//SLAVE INTERFACE
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193
194 parameter ADDR RANGE BEGIN ONE = 0;
195 parameter ADDR RANGE END ONE = 16;
196

197 parameter ADDR RANGE BEGIN TWO
198 parameter ADDR RANGE END TWO

199
200 parameter ADDR RANGE BEGIN THREE = 25;
201 parameter ADDR RANGE END THREE = 32;
202
203

204 reg SplitInl;

205 reg SplitIn2;

206 reg SplitIn3;

207

208

209 reg D1;

210 reg D2;

211 reg D3;

212

213 wire [ STATE REG WIDTH ADDRDECODE - 1

214 wire [ STATE REG WIDTH ADDRDECODE - 1

215 wire [ STATE REG WIDTH ADDRDECODE - 1

216

217  wire [ ADDR SERIAL BIT WIDTH -

218 wire [ ADDR SERIAL BIT WIDTH - 1

219 wire [ ADDR SERIAL BIT WIDTH - 1

220

221 wire Ack one;

222 wire Ack two;

223 wire Ack three;

224

225 wire Ready one;

226 wire Ready two;

227 wire Ready three;

228

229 L1107 7777007777777 7777777777777 7777777777 777777

230 ///ADDRESS MULTIPLEXOR

231 wire AddressLine;

232 assign AddressLine = (grantAccessOut[0] |grantAccessOut[1])?(grantAccessOut[l] ?
(AddrSHIFT[7]): (1'b0) ):(grantAccessOut[0] ? (AddrSHIFT2[7]): (1'b0O) );

233 L1117 7777077777777 7777777777777 7777777777777 777777777777 7777777777 7777777777777
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] State one;
] State two;
] State three;

O O

(@}

(@]
—_—

Valid addr 1;
Valid addr 2;
Valid addr 3;

O O
—_—

234

235 wire [7/:0] SR1;
236 wire [/:0] SR2;
237 wire [/:0] SR3;

238

239 addrDecode #(

240 .STATEiREG7WIDTH(STATEiREG7WIDTHiADDRDECODE),
241 .ADDR_SERIAL BIT WIDTH (ADDR _SERIAL BIT WIDTH),
242 .ADDR_RANGE BEGIN (ADDR RANGE BEGIN ONE),

243 .ADDR_RANGE_ END (ADDR_RANGE_END ONE)

244 )SlaveOne (

245 .clk(clk),

246 .reset (reset),

247 .addrIn(AddressLine),

248 .splitIn(SplitInl),

249 .addrvalidOut (Valid addr 1),

250 .stateRegOut (State one),

251 .ackSignalOut (Ack one),

252 .readyOut (Ready one),

253 .DoneIn(D1),

254 .shift reg(SR1)

255 )

256

257

258 addrDecode #(



259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327

.STATEiREG7WIDTH(STATEiREG7WIDTHiADDRDECODE),
.ADDR_SERIAL BIT WIDTH (ADDR_SERIAL BIT WIDTH),
.ADDR_RANGE BEGIN (ADDR_RANGE BEGIN TWO),
.ADDR_RANGE_ END (ADDR_RANGE_END TWO)

) SlaveTwo (
.clk(clk),
.reset (reset),
.addrIn(AddressLine),
.splitIn(SplitIn2),
.addrValidOut (Valid addr 2),
.stateRegOut (State two),
.ackSignalOut (Ack two),
.readyOut (Ready two),
.DoneIn(D2),

.shift reg(SR2)

)

addrDecode #(
.STATEiREG7WIDTH(STATEiREG7WIDTHiADDRDECODE),
.ADDR_SERIAL BIT WIDTH (ADDR_SERIAL BIT WIDTH),
.ADDRﬁRANGEiBEGIN(ADDRﬁRANGEiBEGINiTHREE),
.ADDR_RANGE END (ADDR_RANGE END THREE)

) SlaveThree (
.clk(clk),
.reset (reset),
.addrIn(AddressLine),
.splitIn(SplitIn3),
.addrvalidOut (Valid addr 3),
.stateRegOut (State three),
.ackSignalOut (Ack three),
.readyOut (Ready three),
.DoneIn(D3),
.shift reg(SR3)

)

L1117 7777777777777 777777777777777777777777777777
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//dismissedIn (extracted out)

busArbitor BA(
.clk(clk),
.reset (reset),
.requestIn ({requestOut,requestOut2}),
.splitIn(splitIn arb),
.dismissedIn (endOut),
.unsplitIn(unsplitIn),
.grantAccessOut (grantAccessOut) ,
.releasedIn(releasedIn),
.Master split stateIn({MasterSplitOut,MasterSplitOut2}),
.case_reg(case reg arbiter)

)

// Bounded Random Number generator function

function [ RAND NUM WIDTH - 1 : O ]randomBoundNum;
input integer bound;
begin

randomBoundNum = Surandom % bound;
end



328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

383
384
385
386
387
388
389
390
391
392
393
394
395

endfunction

initial begin
unsplitIn = 0;
rand_addr <= { RAND NUM WIDTH ADDR {1'b0O} };
rand data <= { RAND NUM WIDTH DATA {1'b0} };
rand data two <= { RAND NUM WIDTH DATA {1'bO} };

SplitInl
SplitIn2
SplitIn3

0;
0;
0;

D1 =0;
D2 = 0;
D3 0;

f = Sfopen("output.txt","w");

//grantAccessIn =0;
BossRequestIn = 0;

Start=0;
load=0;
done =0;

preSwapIn = 0;
splitIn =0;

#period;
reset = 0;
#period;
reset = 1;
#(2*period) ;
reset = 0;
#period;

for(il = 0; il < 100; il = il + 1)begin

Sdisplay("Iteration: ", il);
S$fdisplay(f, "/n");
Sfdisplay(f, 11);

//Creating the address data for the second master

start bit = 1'bl;

rd bit randomBoundNum (2) ;

wr bit ~rd bit;

rand addr randomBoundNum (RAND NUM BOUND ADDR) ;

addr integrate { start bit, rd bit, wr bit, rand addr };

//address data for the second master

//rd bit 2 = randomBoundNum (2) ;
//rand addr 2 = randomBoundNum (RAND NUM BOUND ADDR) ;
//addr integrate 2 = { start bit, rd bit 2, ~rd bit 2,

rand addr 2 };

Sdisplay("Random Number: ", addr integrate);
sfdisplay(f, "%8b", addr_ integrate);

//Creating data for write or read

start bit = 1'bl;

rand data randomBoundNum (RAND NUM BOUND ADDR) ;
rand data two randomBoundNum (RAND NUM BOUND ADDR) ;
data integrate { start bit, rand data};

data integrate two = { start bit, rand data two};

Sdisplay("Random Number: ", data integrate);
sfdisplay(f, "%8b", data integrate);



396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

417
418

419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

434
435
436
437
438
439
440
441
442

443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458

BossAddressIn = addr_integrate;

if (wr_bit) begin
BossDATAIn = data integrate;
LOAD = data_ integrate two;
load =1;

end

else begin
BossDATAIn = data_integrate;
LOAD = data integrate two;
load =1;

end

#(2*period) ;

load = 0;

BossRequestIn = 1;

LI 7777777777777 7777777777777 777777777777777
/17177

#(3*period); //Waiting to see if Master requests for data. If so it will grant
access.

if (grantAccessOut[l]) begin
//grantAccessIn =1;
#period;
for(i2 = 0; i2 < ADDR SERITAL BIT WIDTH; i2 = 12 + 1)begin
#period;
end
BossRequestIn =0;
end

#period;
#period;
//Check if the Address was unloaded successfully.
if ( (addr integrate[ ADDR SERIAL BIT WIDTH - 4 : O
&& (addr_integrate[ ADDR SERIAL BIT WIDTH - 4 : O ]
Sdisplay("Slave 01");
if ((Ack one) && (Valid addr l==addr integrate)) begin
Sdisplay("Address Transfer Sucess");

] >= ADDR RANGE BEGIN ONE)
< ADDR RANGE END ONE) ) begin

end else begin
Sdisplay("Address Transfer Fail");

end
end else if ( (addr integrate[ ADDR SERIAL BIT WIDTH - 4 : 0 ] >=
ADDR RANGE BEGIN TWO) && (addr integrate[ ADDR SERIAL BIT WIDTH - 4 : 0 ] <
ADDR RANGE END TWO) ) begin
Sdisplay("Slave 02");
if ((Ack two) && (Valid addr 2==addr integrate)) begin
Sdisplay("Address Transfer Sucess");

end else begin
Sdisplay("Address Transfer Fail");

end
end
else begin
Sdisplay("Slave 03");
if ((Ack three) && (Valid addr 3==addr integrate)) begin
Sdisplay("Address Transfer Sucess");

end else begin
Sdisplay("Address Transfer Fail");



459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

end
end

//Now we are in the junction room
//Split Check...Release Check....Preswaping
# (period*3)

preSwapIn = 1;

Start =1;

//Part where we do the swapping.

for(i3 = 0; i3 < DATA SERIAL BIT WIDTH; i3 = i3 + 1)begin
# (period) ;

end

//# (period*DATA SERIAL BIT WIDTH);
Start =0;
# (period*(1.5))

//Check if the data was unloaded successfully.
if (wr_bit) begin
if (SLAVEDATA==data integrate) begin
if (DATA==data integrate two) begin
Sdisplay("Write Success");
end else begin
Sdisplay("Write Fail, DATA");
end
end else begin
if (DATA==data integrate two) begin
Sdisplay("Write Fail, SLAVE");
end else begin
Sdisplay("Write Fail, DATA,SLAVE");
end
end
end else begin
if (SLAVEDATA==data integrate) begin
if (DATA==data integrate two) begin
Sdisplay("Read Success");
end else begin
Sdisplay("Read Fail, DATA");
end
end else begin
if (DATA==data integrate two) begin
Sdisplay("Read Fail, SLAVE");
end else begin
Sdisplay("Read Fail, DATA,SLAVE");

end
end
end
# (period*(0.5))
D1 = 1;
D2 = 1;
D3 = 1;
#period;
#period;
D1 = 0O;
D2 = 0;
D3 = 0;

//grantAccessIn =0;
preSwapIn = 0;
tempAddr = 0O;
#(2*period) ;

done = 1;
#(2*period) ;



528
529
530
531
532

end
Sfclose(f);
end
endmodule
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30
31
32
33
34
35
36
37
38
39
40
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

“timescale 1ns / 1ps

L1777 77777777777 777 7777777777777 7777777777777777777777777777777777777777777777777
// Company: ENTC, University of Moratuwa

// Author: Miyuru Thathsara

// Create Date: 12/20/2020 11:46:20 AM

// Design Name: Slave Interface TestBench
// Module Name: slavelnterfaceTB

// Project Name: System Bus

// Additional Comments:

NNV

module slaveInterfaceTB() ;

NN

// Parameters

NNV

parameter DATA BUS WIDTH = 16;
parameter ADDR BUS WIDTH = 16;
parameter ADDR SERIAL BIT WIDTH = 19;

L1111 11TTTT7707777001777770077777177777707077771117777007777717777777777711177777777

// Local Parameters

NNV

localparam ADDR BOUND = 100;
localparam DATA BOUND = 2000;
localparam NUM OF ADDRESSES = 10;

localparam ADDR IN BIT WIDTH
ADDR SERIAL BIT WIDTH - 1;
L1777 77777777777 7777 7777777777777 777777777777777777777777777777777777777777777777
// Wires and Registers

NNV

reg clk;

reg rst reset;

reg reset;

reg addrValidIn;

reg [ ADDR IN BIT WIDTH - 1 : 0 ] addrIn;

reg busyIn;

reg [ DATA BUS WIDTH - 1 : O ] slaveDataln;

reg slaveDatavalidIn;
reg dataln;

reg slaveWriteResponseln;
reg releasedIn;

wire addrReadyOut;

wire datalOut;

wire slaveDataReadyOut;
wire slaveAddrVvalidOut;
wire slaveDataVvalidOut;
wire dataReadyOut;

reg [ ADDR BUS WIDTH - 1 : O ] addr reg;

reg [ DATA BUS WIDTH : 0 ] data reg;

reg wr bit;

reg rd bit;

integer il;

integer i2;

L1707 7777707770777 7777777777777 7777777077777 777777777777 777777777777777
// Implementation

NN

slavelInterface#(
.DATA BUS WIDTH(DATA BUS WIDTH),
.ADDR BUS WIDTH(ADDR BUS WIDTH),
.ADDR_SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH)
)

slavelInterface (
.clk(clk),
.rst reset(rst reset),



69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108

109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

128

129
130

131
132

.reset (reset),

.dataIn(dataln),
.slaveDatalIn(slaveDataln),
.slaveDataValidIn(slaveDatavValidIn),
.addrValidIn (addrvValidIn),
.addrIn(addrIn),

.busyIn(busyIn),
.releasedIn(releasedIn),

.slaveWriteResponselIn(slaveWriteResponseln),

.dataOut (dataOut),

.slaveDataValidOut (slaveDataValidOut),
.slaveDataOut (),

.slaveAddrValidOut (slaveAddrValidOut),
.slaveAddroOut (),

.splitout (),

.slaveReadEnOut (),

.slaveWriteEnOut (),

.slaveDataReadyOut (slaveDataReadyOut) ,
.dataReadyOut (dataReadyOut),
.addrReadyOut (addrReadyOut)

);

// Bounded Random Number generator function

function [ ADDR BUS WIDTH - 1 : O ]randomBoundNum;
input integer bound;
begin
randomBoundNum = S$urandom % bound;
end
endfunction

always #5 clk

initial begin
#0;
rst reset
reset
clk
busyIn
releasedIn
slaveDataln
DATA BUS WIDTH {1'b0O} };
slaveDataValidIn
addrValidIn
dataln
slaveWriteResponseln
#10;
rst reset
$10;
rst reset
$10;
reset
#10;
reset
Sdisplay("Resets are done!!!!");
for(il = 0; il < NUM OF ADDRESSES; il
while (~addrReadyOut)begin
@ (posedge clk) ;
end
#10;
addr reg
randomBoundNum (ADDR_BOUND) ;
rd bit
randomBoundNum (2) ;
wr bit
addrIn
wr _bit, addr reg };
addrValidIn
busyIn
randomBoundNum (2) ;

il + 1 )begin

<= ~clk;

1'b0;
1'b0;
1'b0;
1'b0;

1'b0;
1'bl;
1'b0;

1'bl;

~rd bit;
{ rd bit,

1'bl;



133 while (addrReadyOut)begin

134 @ (posedge clk);

135 end

136 #10;

137 addrIn = {

ADDR IN BIT WIDTH {1'b0} };

138 addrValidIn = 1'b0;

139 if(rd bit && ~wr bit)begin

140 Sdisplay("Reading Operation!!!! busyIn == ", busyIn);

141 if (busyIn)begin

142 #30;

143 busyIn = 1'b0;

144 #50;

145 releasedIn = 1'bl;

146 #10;

147 releasedIn = 1'b0;

148 end

149 while (~slaveDataReadyOut)begin

150 @ (posedge clk);

151 end

152 #10;

153 slaveDataValidIn = 1'bl;

154 slaveDataln =

randomBoundNum (DATA BOUND) ;

155 while (slaveDataReadyOut)begin

156 @ (posedge clk);

157 end

158 #10;

159 slaveDataValidIn = 1'b0;

160 slaveDataln = {

DATA BUS WIDTH {1'b0} };

161l end

162 else begin

163 if (~rd bit && wr bit)begin

164 Sdisplay("Writing Operation!!!! busyIn == ", busyIn);

165 if (busyIn)begin

166 #30;

167 busyIn = 1'b0;

168 #50;

169 releasedIn = 1'bl;

170 #10;

171 releasedIn = 1'b0;

172 end

173 while (~dataReadyOut)begin

174 @ (posedge clk);

175 end

176 #10;

177 data reg ={ 1'b1,
randomBoundNum (DATA BOUND) };

178 dataln = data regl[
DATA BUS WIDTH ];

179 for(i2 = 0; i2 < DATA BUS WIDTH; i2 = i2 + 1)begin

180 #10;

181 data reg = data reg << 1;

182 dataln = data regl[

DATA BUS WIDTH ];

183 end

184 while (~slaveDataValidOut && ~slaveAddrValidOut)begin

185 @ (posedge clk);

186 end

187 #10;

188 slaveWriteResponseln = 1'bl;

189 #10;

190 slaveWriteResponseln = 1'b0;

191 dataln = {
(DATA BUS WIDTH + 1) {1'b0} };

192 end

193 end

194 end



195
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198

end

endmodule



O J oy Ui Wb

[N SIS NCRE NG NCR NG G QS Sy ey O S
O™ WNRPR OWOJoYU ™ WN - O W

28

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

“timescale 1ns / 1ps
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// Company: ENTC, University of Moratuwa

// Author: Miyuru Thathsara

// Create Date: 12/18/2020 10:00:04 AM

// Design Name: Address Decoder TestBench
// Module Name: addrDecodeTB

// Project Name: System Bus

// Additional Comments:

NNV

module addrDecodeTB() ;
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// Parameters

NNV

parameter STATE REG WIDTH = 2;
parameter ADDR SERIAL BIT WIDTH = 19;
parameter ADDR RANGE BEGIN = 0;
parameter ADDR RANGE END = 2%*x]0;
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// Local Parameters

NNV

localparam RAND NUM BOUND = 100; //stick this to
more than 2000 to check for address space

localparam RAND NUM WIDTH = ADDR SERIAL BIT WIDTH
- 3;

L1100 7777777777777 777077777777
// Registers and Wires

NNV

reg clk;

reg rst reset;
reg reset;

reg [ RAND NUM WIDTH - 1 : O ] rand;

reg addrIn;

reg splitIn;

wire addrOut;

wire addrValidOut;
wire [ STATE REG WIDTH - 1 : 0 ] stateRegOut;
wire ackSignalOut;
wire readyOut;

reg [ ADDR SERIAL BIT WIDTH - 1 : 0 ] addr integrate;
reg start bit;
reg rd bit;

reg wr bit;
integer il;

integer i2;
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// Implementation
LTI 7077770707770/ 7777777777777777777777

addrDecode# (
.STATE REG WIDTH(STATE REG WIDTH),
.ADDR SERIAL BIT WIDTH(ADDR SERIAL BIT WIDTH),
.ADDR RANGE BEGIN(ADDR RANGE BEGIN),
.ADDR RANGE END(ADDR RANGE END)

)

addrDecode (
.clk(clk),
.rst reset(rst reset),
.reset (reset),
.addrIn(addrIn),
.splitIn(splitIn),
.addrOut (addrOut) ,
.addrValidOut (addrValidoOut),
.stateRegOut (stateRegOut),



68 .ackSignalOut (ackSignalOut),

69 .readyOut (readyOut)

70 );

71

72 // Bounded Random Number generator function

73 function [ RAND NUM WIDTH - 1 : O ]randomBoundNum;

74 input integer bound;

75 begin

76 randomBoundNum = Surandom % bound;

77 end

78 endfunction

79

80 always #5 clk <= ~clk;

81

82 initial begin

83 #0;

84 clk = 1'b0;

85 addrIn = 1'b0;

86 rand = { RAND NUM WIDTH {1'b0} };
87 #10;

88 rst reset = 1'bl;

89 reset = 1'bl;

90 #10;

91 rst reset = 1'00;

92 #10;

93 rst reset = 1'bl;

94 #10;

95 reset = 1'b0;

96 #10;

97 reset = 1'bly;

98 start bit = 1'b0;

99 rd bit = 1'b0;
100 wr bit = 1'b0;
101 for(il = 0; i1l < 10; i1l = il + 1)begin
102 #250;
103 if (readyOut)begin
104 rand = randomBoundNum (RAND NUM BOUND) ;
105 start bit = 1"'bl;
106 rd bit = randomBoundNum(2) ;
107 wr bit = ~rd bit;
108 splitIn = randomBoundNum(2) ;
109 addr_integrate = { start bit, rd bit, wr bit, rand };
110 Sdisplay ("Random Number: ", rand);
111 for(i2 = 0; i2 < ADDR SERIAL BIT WIDTH; i2 = i2 + 1)begin
112 #10;
113 addrIn = addr_integrate[ ADDR SERIAL BIT WIDTH - 1

1

114 addr_integrate = addr_integrate << 1;
115 end
116 #10;
117 addrIn = 1'b0;
118 end
119 end
120 end

121 endmodule
122



