
Divider on PicoBlaze
Implementation, Simulation, and Synthesis



Hardware implementation vs. software implementation of a 

state machine using a divider example

It is always a “Mealy” in software as we do one operation at a time using instructions!

Also all the improvements we thought about for the Mealy machine do not apply to 

the software implementation as we do one operation at a time in software!



Files and Instances for synthesis

FPGA Artix 7    divider_4_top.v    module  divider_4_top   

Standard two instances of the picoblaze processor
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Files and Instances for simulation

File:   divider_4_top_simulation.v           module  divider_4_top_simulation

Standard two instances of the picoblaze processor

picoblaze 

processor

kcpsm6.v

module

kcpsm6

Instance name

processor

Program memory 

BRAM

prom_divider_4.v

produced from
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module
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File:   divider_4_top_simulation_tb.v           module  divider_4_top_simulation_tb

No xdc for simulation



1. Introduction

● You are given a complete 4-bit divider implemented with PicoBlaze as a 

reference design 
○ The 4-bit divider has a 4-bit Dividend, Divisor, Quotient and a Remainder. 

○ The state machine is written in software in the .psm file. You need to read through this state 

machine completely and see how it differs from a state machine implemented in hardware.

○ The top design contains the fabric logic to interface with the picoblaze, and the normal I/O logic 

(clock divider, output scanning, etc.) that you are familiar with in top designs (like GCD, etc).

○ A simplified top and a testbench to simulate the simplified top are also given.

● You need to create an 8-bit divider, using the 4-bit divider as a template
○ You will need to make changes to both the .psm and the top design.

○ You are given a new .xdc file for use in the 8-bit divider design.

○ You also need to design a simplified top and a testbench to simulate the simplified top. 

● The following slides draw attention to the major changes you will need to make



2.1 Files for the 4-bit divider (all files complete)

.wcfg = waveform configuration file

For simulation

For synthesis

For synthesis and simulation



2.2 Files for the 8-bit divider 
● The divider_8_top.xdc (Xilinx Design Constraints) file and the 

divider_8_top_simulation_tb_behav.wcfg  (Waveform Configuration) file are given in 

completed form.

● The .psm file (prom_divider_8.psm) is a mere copy of the prom_divider_4.psm

You need to revise it as needed and assemble to generate  prom_divider_8.v

A few  **** TODO ****** hints were added.

● The three Verilog files, divider_8_top.v, divider_8_top_simulation.v, and 

divider_8_top_simulation_tb.v are mere copies of the corresponding 4-bit files. 

I have changed the name of the files and also I have revised the module names (and 

design names of the instances). A few  **** TODO ****** hints were added.

● Please watch the video introduction and then read the 4-bit files. Revise the 8-bit files to 

suit. 



Simulation reference pages 

from the user guide
Pages 45 and 46 from 

Picoblaze_KCPSM6_Release9_30Sept14

A reverse assembler was built into the Picoblaze 

(kcpsm6.v) to facilitate 

Dynamic Instruction Execution Trace (DIET or DET) 







Simulation waveform for the 4-bit divider  Dd = 7   Dr = 2    Qt = 3    Rr = 1



2.3 How long the START signal needs to be activated? Safe-side plan: Keep it active until the 

PSM goes to Qc State!



2.4 Reverse Assembled Instructions facilitate debugging



2.5 Simulation waveform for the 8-bit divider  Dd = 70   Dr = 20    Qt = 3    Rr = 10



Input and Ouput ports of 

Picoblaze
Interface with the Fabric Logic via 

Input ports and Output ports

Extracts from 

Picoblaze_KCPSM6_Release9_30Sept14





Picoblaze pins associated with Input and Output ports











In this lab, the processor informs the fabric logic 

“in which state it is currently at (Qi or Qc or Qd)” 

using the OUTPUTK instruction.

Possible to do so in two ways: 

using OUTPUT sX, pp  or  using OUPUTK kk, p

Suppose constant 02 (kk = 02) needs to conveyed to the output port 01 (pp = 01)

LOAD s5, 02 ;

OUTPUT s5, 01

OUTPUTK 02, 01



Extracts  from   prom_divider_4.psm   illustrating the use of the   OUTPUTK   instruction 





3. Revising files to suit the 8-bit divider

3.1 Changes to the  .psm  file
● Port definitions in the 4-bit file   prom_divider_4.psm

The picoblaze processor interfaces with our fabric logic through 8-bit input ports and 8-bit output ports. In the 4-bit 

divider we have two input ports and two output ports. Let’s consider the input ports first: port_id 00 is used for the 

4-bit Dividend and 4-bit Divisor concatenated together, and port_id 01 is used for the Start/Ack signals. 

How many input ports do we need now that Dividend and Divisor are each 8-bit?

We also have two output ports: port_id 00 is used for the 4-bit Quotient and 4-bit Remainder together, and port_id 

01 to display the current state information. 

Now that our Quotient and Remainder are each 8-bit, how many output ports do we need?



.psm programmable state machine file design

In the initial state, we need to load our registers with the Dividend and Divisor. In the 4-bit 

divider, the Dividend and Divisor are read together as one 8-bit value, so we have to do 

some masking and shifting operations to extract each individual element. In your 8-bit 

divider, you are reading the Dividend and Divisor in on seperate input registers. 

So your initial state will be much simpler in the 8-bit divider!



● Compute State

In the 4-bit divider, we have a single 8-bit register s2 holding the quotient in the upper 

4-bits. That’s why we add 10 hex (0001_0000 in binary) to s2  to increment the 

Quotient, because the Quotient is the upper 4-bits of this register. We used sA to 

merge Quotient and the Remainder for outputting Quotient-Remainder pair to the Top 

design. Make the necessary changes now that we have a full 8-bit register for each 

(the Quotient and the Remainder). 



● Done State

Consider how having the Quotient and Remainder on separate 8-bit registers will 

change your instructions in the Done state



3.2 Changes to the top design 

divider_4_top.v    ➔ divider_8_top.v

● Port list

○ In the 8-bit divider we need to use all 16 switches, instead of just 8 switches 

in the 4-bit divider

○ We need to use 8 SSDs instead of 4 SSDs

● Variable declaration sizes

○ Consider changes that need to be made to the sizes of Xin, Yin, Quotient, 

Remainder now that we are doing 8-bit division 



Top design - fabric logic to interface with the 

PicoBlaze Processor

● How is our top design interfacing with the picoblaze processor through the 

INPUT and OUTPUT instructions? Let’s consider the INPUT instruction. 

INPUT sX, pp

“pp” is the 8-bit port address in hex that the processor will output on port_id

sX is one of the 16  8-bit registers (s0 through sf) inside the processor that will 

store the data coming through in_port[7:0]



Our fabric logic needs to present all the possible inputs to the in_port of the processor, 

and allow the port_id to select which one is desired by the processor.  Since the in_port 

pins are dedicated input pins of the processor, it is OK to drive them without checking 

the read_strobe here.

read_strobe



in_port interface in the top design

● The mux shown in the previous slide is implemented in the 4-bit divider top 

design with this always block:

● You need to expand this mux to account for 3 input ports in your 8-bit design. 

How many bits of port_id will you use? How many 8-bit inputs do you need for 

the mux? 



out_port interface

● We have two output instructions available to us, OUTPUT and OUTPUTK

The regular OUTPUT instruction lets us output the 8-bit data of a register: 

OUTPUT sX, pp

sX is the register containing the data we are outputting, pp is the 8-bit 

address we output on port_id,  write_strobe signal goes active.

The OUTPUTK instruction lets us output an 8-bit constant:

OUTPUTK kk, p

“kk” is the 8-bit constant we are outputting, p is the 4-bit address we output on 

port_id ,  k_write_strobe signal goes active.



out_port interface

With an output instruction, the data on out_port is only available during the execution of the 

instruction. We need to register all output data because we need to use it for longer than the time it 

is available. The picoblaze processor provides us with a write_strobe and k_write_strobe signal to 

help us with this. These signals go high during the second clock of an output instruction to signal to 

our fabric logic that valid information is on out_port

We should only write to our output registers if 1) write_strobe or k_write_strobe is true and 2) if the 

correct port_id is being driven by the processor:

I0

I1
S

Y

Clk

Q
[7

:0
]

D
[7

:0
]

board_clock

{Quotient,Remainder}

I0

I1
S

Y

Clk

Q
[3

:0
]

D
[3

:0
]

board_clock

{Qd,Qc,Qi,Done}

k_write_strobe

port_id[0]

port_id[0]

write_strobe



out_port Interface in the top design  divider_4_top.v

● The fabric logic for the outputs in the previous slide is implemented in the 4-

bit divider top design with the following clocked always block:



out_port Interface in the top design  divider_8_top.v

● You need to expand this in your 8-bit design, as the Quotient and Remainder 

are now each 8-bit and each have their own port_id



SSD Display

● In the 4-bit design, we only use 4 SSD’s to display the 4-bit Dividend, Divisor, 

Quotient and Remainder 

● In your 8-bit design, you will need all 8 SSD’s, using 2 SSD’s for each of the 4 

values we need to display

● How does this affect our scanning mechanism?
○ Instead of using 2 bits of Div_clk for the scan clock, we now need 3 bits. 

○ The 2-to-4 decoder used to drive the 4 anodes needs to be expanded to a 3-to-8 decoder 

to drive all 8 anodes

○ The 4-bit wide 4-to-1 mux used to select the SSD information needs to be expanded to 4-bit 

wide 8-to-1 mux.

• Refer to the test_nexys4_verilog design that you went through before



3.3 Design discussion related to
-- divider_4_top_simulation.v

-- divider_4_top_simulation_tb.v

● Substantial discussion is provided in the files themselves. 

● Issues related to the length of the START and ACK pulses

● Waiting for the picoblaze processor to receive the stimulus and 

waiting for the picoblaze to report results to us.

● In the introduction video we discussed these aspects at length.



4.1 Simulation output results file extract



4.2 Simulation DIET extract

DIET = Dynamic Instruction Execution Trace 



5.1 Demonstrate to your TA/Mentor

Demonstrate working of your 8-bit divider in simulation and on the FPGA board 

to your TA/Mentor and show your project directory Divider_Pico_N4_8bit  to 

him/her.

Submit files on Unix as per the following posting on the Bb on the next page



5.2 Blackboard posting and Files for submission

Given a completed Picoblaze-based 4-bit divider, design, implement, and simulate a Picoblaze-based 8-bit divider

Directory: http://ee-classes.usc.edu/ee254/ee254l_lab_manual/PicoBlaze/Divider_Pico_N4

Assignment pdf: PicoBlaze_Divider_handout.pdf

Videos (more may be added)  1. Divider_Pico_N4_4bit_xsim_operation.mp4

Two .zip files to be downloaded and extracted into C:\Xilinx_projects:

A completed 4-bit divider design: Divider_Pico_N4_4bit.zip

An incomplete 8-bit divider design: Divider_Pico_N4_8bit.zip

Both designs contain TA’s completed  .bit files (with dot points glowing on SSDs). 

The incomplete 8bit zip file also contains a completed .xdc file and a completed .wcfg file.

General reference: PicoBlaze/Picoblaze_Design_Steps_Demo_README_r1.pdf

Please demonstrate your completed 8-bit design to your TA. Show your simulation waveform and show your FPGA board running the 8-bit divider. 

Also submit your files to the class Unix account ee201@viterbi-scf1.usc.edu or  ee201@viterbi-scf2.usc.edu using the following submit command

submit -user ee201 -tag Divider_Pico_N4_8bit prom_divider_8.psm divider_8_top.v divider_8_top_simulation.v  divider_8_top_simulation_tb.v 

instruction_trace_divider_8.txt results_divider_8.txt names.txt

The last two text (.txt) files can be found in the following project subdirectory after you finish simulation.

C:\Xilinx_projects\Divider_Pico_N4_8bit\synthesis\synthesis.sim\sim_1\behav\xsim 

Please exit simulation. Then only the results_divider_8.txt file gets populated. Until then it remains empty.

http://ee-classes.usc.edu/ee254/ee254l_lab_manual/PicoBlaze/Divider_Pico_N4
http://ee-classes.usc.edu/ee254/ee254l_lab_manual/PicoBlaze/Divider_Pico_N4/handout_files/PicoBlaze_Divider_handout.pdf
http://ee-classes.usc.edu/ee254/ee254l_lab_manual/PicoBlaze/Divider_Pico_N4/handout_files/Divider_Pico_N4_4bit_xsim_operation.mp4
http://ee-classes.usc.edu/ee254/ee254l_lab_manual/PicoBlaze/Divider_Pico_N4/design_files/Divider_Pico_N4_4bit.zip
http://ee-classes.usc.edu/ee254/ee254l_lab_manual/PicoBlaze/Divider_Pico_N4/design_files/Divider_Pico_N4_8bit.zip
http://www-classes.usc.edu/engr/ee-s/254/ee254l_lab_manual/PicoBlaze/Picoblaze_Design_Steps_Demo_README_r1.pdf

