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Chapter 1

Introduction

FOSSEE (Free/Libre and Open Source Software for Education) is a project part of
the National Mission on Education through Information and Communication Tech-
nology (ICT), Ministry of Human Resource Development (MHRD), Government of
India. FOSSEE has developed various open source tools and promotes the use of
these tools in improving the quality of education and helping every individual avail
these sources free of cost. The softwares is being developed in such a way that it
can stay relevant with respect to the commercial softwares.[(]

1.1 eSim

eSim is a free/libre and open source EDA tool for circuit design, simulation, analysis
and PCB design developed by FOSSEE, IIT Bombay. It is an integrated tool built
using free/libre and open source software such as KiCad, Ngspice, NGHDL and
GHDL.

1.2 NGHDL

NGHDL is a mixed mode circuit simulator developed by FOSSEE, using NgSpice
and GHDL. The NGHDL feature makes it easier to create user-defined models for
eSim’s simulation of mixed-signal circuits. In NGHDL, the analogue and digital
components communicate through sockets and NgSpice is used to simulate the ana-
logue components and GHDL to simulate the digital components. This feature was
added to eSim so that a user who is familiar with designing circuits in Verilog can
do so with eSim. In order to write Verilog code for a digital model and install it as
a model in Ngspice, NGHDL offers an interface.

1.3 Makerchip

Makerchip is an online browser based IDE which is developed on verilator which
is used to perform simulation of Verilog/ System Verilog/ TL-Verilog based files.
Verilator is a tool which converts the Verilog files to C++ object. Before converting
a verilog file in ngveri in eSim first the design is simulated here with random inputs



to check whether the design is producing consistent and desired results. If the design
is correctly simulated we proceed with our mixed signal design.

1.4 EDA Playground

EDA Playground is an online browser based emulator which is used to edit, simulate
and synthesize SystemVerilog, Verilog, VHDL and other HDLs. I have used the EDA
Playground as it is free of cost and effective in writing testbenches for the complex
processor design that we are going to implement on eSim. The testbench execution
capability is also used to verify some of the open source processor testbenches which
were used to find the functioning of the processor.



Chapter 2

Problem Statement

Implementing open source microcontrollers/processors using NGHDL
present in eSim so that the user can simulate these processors in eSim
by changing the instruction sets which can be changed from file or by
providing instruction through the input pins in KiCad.

2.1 Approach

The general approach which 1 used to implement the problem statement is first
searching from an open source processor on GitHub or Opencores which have any
open source licensing such as MIT license. Then the implementation process is as
follows:

e The verilog code, each file by file was simulated in makerchip and then fed to
Ngveri to see if it converts correctly without throwing any error.

e Then that individual file is simulated and the Ngspice waveform is generated
to check the desired waveform.

e After all the components are simulated the final cputop file is simulated in
makerchip and a module is created to link the input instruction with that of
the processor top file. Then the simulations and conversion takes place by
adding the other files as dependencies in ngveri.

e The final object is simulated in Ngspice to check the final result of the processor
instruction set.



Chapter 3

Basic-SIMD-Processor

It is a simple SIMD processor which is designed in verilog and has a 16-bit SIMD
ALU. The ALU operation takes two clock cycles, the first cycle is used to load values
into the registers and the second is used to perform the operations. The instruction
used by this processor is 18 bit. This is an open source processor available on github
(link: https://github.com/zslwyuan/Basic-SIMD-Processor-Verilog-Tutorial). This
project was chosen because this processor is used for layout design and post layout
simulations were performed.

3.1 Block Diagram

Reg (set) index Reg (set) Reg (set) Reg (set) Reg (set
(0:1) (0:15) (0:15) index (0:15)
(0:1)
Result
) ) (0:15)
Instruction Instruction
(0:17) (0:17)

Address

Cmd (0:5)

Im (0:9)

Address(0:9)

Figure 3.1: Block Diagram Implementation of Processor [3]

In a simple processor without a pipeline the processor is divided into 5 stages. The
five stages are Information Fetch (IF), Information Decode (ID), Execute (EX),
Memory (MEM) and Write Back (WB). A 10 bit address is used to fetch the in-
struction set from the instruction memory and this operation is performed in the IF
stage. In the next stage the instruction is decoded and some of the control registers



will be set. In the EX stage mainly the ALU operations are performed or some
control signals like jump are implemented. If the information contains any store or
load then the MEM stage is used to perform those operations. The WB stage is the
last stage where the data processed is written back to the registers.

3.2 Simulation of SIMD ALU

3.2.1 SIMD Adder

The SIMD adder is first simulated in makerchip and then implemented in eSim. It
is based on 4 4 bit adders which supports subtraction also. There are three control
signals H,O and Q which are used to control the different width of the input signal.
This control supports the forwarding of the carry bit.

adip\Downloads\adder_intemtask)

Tools  Help
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Figure 3.3: Simulation of Adder circuit in eSim



3.2.2 SIMD Shifter

The SIMD shifter is based on two 16 bit shifters which support different widths. In
this block the shifter uses two control signals H and O which are used to determine
whether the MSB of the 4 bit block should take 0 or the value from the LSB in front
of it. Similarly like the adder circuit we simulate the shifter also.
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Figure 3.4: Implemented the Shifter circuit in eSim

3.2.3 SIMD Multiply

The SIMD multiplier is based on the SIMD adder and SIMD shifter. Here also we
have three control signals H,0,Q and are used to control the input width. It is
implemented as a typical multiplier circuit where the adder is utilized and the least
significant 16 bits of the sum is the output of multiplication. Similarly like the adder
circuit we simulate the multiplier also.

% [ multiplier /] (C:\Users\Subhradip\eSim-Workspace\multiplier) - 3
ences Tools Hel

; L =1 Ao aac B ] ) | 35 A B feimm | 14 ol
5]
n =
'S
1 *
& A
Y
N
q
X
_*
A
(D2
or
T
5

Figure 3.5: Implemented the Multiplier circuit in eSim



3.3 Implmentation of the processor

The cputop file is has to be simulated for the processor perform the operations. Our
objective is to implement it on eSim, so we cannot directly use the top file, we have
to design a code which provides the instruction set to the top file just like a test-
bench. The first approach which I used to implement this technique was to design
a connector block having the input ports as values and instruction set and output
is connected to the top file manually in Kicad. The problem with this approach
is that because of the two separate blocks there are timing issues which interfered
with the desired output. The second approach that i used is that to call the top
file inside this conncector file and add those files as dependencies during conversion.
This approach worked and gave us the correct output.

The authors of the opensource processor has provided us with the sample instuc-
tion sets those are:

INST_MEM[0] = 18@b100110_00_0000000000; // load MEMO into HO

— load16bit RO 1m=0000000000

INST_MEM[1] = 18@b100110_01_0000000001; // load MEM1 into H1

— loadl16bit R1 1m=0000000001

INST_MEM[2] = 18@b100110_10_0000000010; // load MEM2 into H2

— loadl16bit R2 1m=0000000010

INST_MEM[3] = 1SHbOOOOOO_OOOOOOOO_OO_Ol; // add H1 to HO

— addl16bzt RO=0000000000000101 R1=0000000000001111

INST_MEM[4] = 1SHbOOOOOO_OOOOOOOO_10_00; // add HO to H2

— addl16bit R2=0000000000000100 RO=0000000000010100

INST_MEM[5] = 18@b101001_00_0000000000; // store HO back into MEMO
— storel6bit RO=0000000000010100 im=0000000000

INST_MEM[6] = 18@b101100_01_0100100010; // set H1 to 0100100010

— setl6bit R1 im=0100100010

INST_MEM[7] = 1SHbOOOOOO_OOOOOOOO_01_10; // add H2 to H1

— addl16bit R1=0000000100100010 R2=0000000000011000

INST_MEM[8] = 18Ib101001_01_0000000011; // store H1 back into MEM3
— storel6bit R1=0000000100111010 im=0000000011

INST_MEM[9] = 18b101001_10_0000000100; // store H2 back into MEM/
— storel6bit R2=0000000000011000 im=0000000100

INST_MEM[10] = 18Ib101001_00_0000000101; // store HO back into MEM5
— storel6bit RO=0000000000010100 im=0000000101

INST_MEM[11] = 18Ib100111_01_0000000010; // load MEM2 into 01
— load8bit R1 im=0000000010
INST_MEM[12] = 1SHb100111_10_0000000011; // load MEM3 into 02
— load8bit R2 im=0000000011
INST_MEM[13] = 1SHb100111_00_0000000100; // load MEM4 into 00
— load8bit RO im=0000000100

10



INST_MEM[14] = 18[%101101_01_0001011010; // set each register in 01
— R1 4m=0001011010

INST_MEM[15]

18Ib100101_00_0000000010; // setloop = 2

— tm= 2

INST_MEM[16] 18[%000001_00000000_00_01; // add 00 to 01

—  R0=0000000000011000 R1=0101101001011010

INST_MEM[17] = 18[%000001_00000000_10_00; // add 02 to 00

— R2=0000000100111010 R0=0101101001110010

INST_MEM[18] = 18[%000111_00000000_10_01; // sub 01 from 02

— R2=0101101110101100 R1=0101101001011010

INST_MEM[19] = 18[%001101_00000000_10_01; // mul 02 with 01

— R2=0000000101010010 R1=0101101001011010

INST_MEM[20] = 18[%101010_01_0000000101; // store 01 MEM5 <into

— store8bit R1=0101101001011010 2m=0000000101

INST_MEM[21] = 18[%101010_10_0000000110; // store 02 MEM6 into 02
— Sstore8bit R2=0101101011010100 tm=0000000110

INST_MEM[22] = 18[%101010_00_0000000111; // store 00 MEM7 into 00
— store8bit R0=0101101001110010 2m=0000000111

INST_MEM[23] = 18[%100110_01_0000000101; // load MEM5 into H1
— loadl16bit R1 tm=0000000101

INST_MEM[24] = 18[%100110_10_0000000111; // load MEM7 into H2
— loadl16bit R2 tm=0000000111

INST_MEM[25] = 18[%001100_00000000_10_01; // mul H2 with H1
— mullébit R2=0101101001110010 R1=0101101001011010
INST_MEM[26] = 18[%000110_00000000_10_01; // sub H1 from H2
— sublébit R2=1110000000010100 R1=0101101001011010
INST_MEM[27] = 18[%011000_0000000000_01; // shift right Hi1

— Rshifti6bet R1=0101101001011010

INST_MEM[28] = 18[%010101_0000000000_10; // shift left H2

— Lshifti6bet R2=1000010110111010

INST_MEM[29] = 18[%000011_10_0000001110; // add im_number into H2
— addlébit R2=0000101101110100 +m=0000001110

INST_MEM[30] = 18[%001001_10_0000001110; // sub im_number from H2
— sublébit R2=0000101110000010 m=0000001110

INST_MEM[31] = 18[%100001_0000000000_10; // not H2

— motlébit R2=0000101101110100

INST_MEM[32] = 18[%011011_00000000_01_00; // H1 and HO

— andlébit R1=0010110100101101 R0O=0000000000010100
INST_MEM[33] = 18[ﬁ011110_00000000_10_01; // H2 or H1

— R2=1111010010001011 R1=0000000000000100
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INST_MEM[34]

< setl6bit
INST_MEM[35]
< setl6bit
INST_MEM[36]
— setl6bit
INST_MEM[37]
< MAC16bit

INST_MEM[38]
< subl6bit
INST_MEM[39]
<«  mullébit
INST_MEM[40]

= 18[%101100_00_0000001111; // set HO to 0000001111

RO 4m=0000001111

18[%101100_01_0000000100; // set H1 to 0000000100

R1 4m=0000000100

18[%101100_10_0000000010; // set H2 to 0000000010

R2 4m=0000000010

18[%010010_000000_00_01_10; // HO+H1*H2
R0O=0000000000001111 R1=0000000000000100 R2=0000000000000010
18[h001001_00_0000001000; // sub im_number from HO
R0O=0000000000010111 tm=0000001000
18[%001111_01_0000001101; // mul H1 with im_number
R1=0000000000000100 tm=0000001101

= 18[%101001_01_0000000111; // store H1 back into MEM7

— storel6bit R1=0000000000110100 tm=0000000111

INST_MEM[41]

= 18[%101001_10_0000000100; // store H2 back into MEM

— storel6bit R2=0000000000000010 tm=0000000100

INST_MEM[42]

= 18[b101001_00_0000001000; // store HO back into MEM8

— storel6bit R0O=0000000000001111 wm=0000001000

INST_MEM[43]
— load8bit
INST_MEM[44]
— load8bit
INST_MEM[45]
— load8bit
INST_MEM[46]

18°/b100111_01_0000000110; // load MEM6 into 01
R1 im=0000000110

18°/p100111_10_0000000111; // load MEMT into 02
R2 im=0000000111

18°/b100111_00_0000001000; // Load MEMS into 00
RO im=0000001000

= 18b011001_0000000000_01; // shift right 01

— Rshift8bit R1=0101101011010100

INST_MEM[47]

= 18’010110_0000000000_10; // shift left 02

— Lshift8btt R2=0000000000110100

INST_MEM[48]

= 18[h000100_10_0000001110; // add im_number into 02 add8bit

— R2=0000000001101000 tm=0000001110

INST_MEM[49]

= 18[%001010_10_0000001110; // sub im_number from 02 sub8bit

— R2=0000111001110110 tm=0000001110

INST_MEM[50]

= 18[&100010_0000000000_10; // not 02 not8bit

— R2=0000000001101000

INST_MEM[51]

= 18[&011100_00000000_01_00; // 01 and 00 and8bit

— R1=0010110101101010 R0O=0000000000001111

INST_MEM[52]

= 18[&011111_00000000_10_01; // 02 or 01 or8bit

— R2=1111111110010111 R1=0000000000001010

INST_MEM[53]

= 18[%101101_00_0000001111; // set 00 to 0000001111 set8bet

— RO im=0000001111

INST_MEM[54]

= 18[%101101_01_0000000100; // set 01 to 0000000100 set8bet

— R1 4m=0000000100
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INST_MEM[55] = 18[%101101_10_0000000010; // set 02 to 0000000010

—

R2 1m=0000000010

INST_MEM[56] = 18[%010011_000000_00_01_10; // 00+01%02

—

R0=0000111100001111 R1=0000010000000100 R2=0000001000000010

INST_MEM[57] = 18[h001010_00_0000001000; // sub im_number from 00

—

R0=0001011100010111 *m=0000001000

INST_MEM[58] = 18[%010000_01_0000001101; // mul 01 with im_number

—

R1=0000010000000100 +m=0000001101

INST_MEM[59] = 18[%101010_01_0000001001; // store 01 into MEM9

—

store8btt R1=0011010000110100 +m=0000001001

INST_MEM[60] = 18[%101010_10_0000000110; // store 02 into MEM6

—

store8btt R2=0000001000000010 tm=0000000110

INST_MEM[61] = 18[k101010_00_0000000111; // store 00 into MEM7

—

store8btt RO=0000111100001111 +m=0000000111

INST_MEM[62] = 18[ﬁ101000_01_0000001001; // load MEM9 into (1

—

load4bit R1 im=0000001001

INST_MEM[63] = 18[ﬁ101000_10_0000000110; // load MEM6 into (2

—

load4bit R2 im=0000000110

INST_MEM[64] = 18[ﬁ101000_00_0000000111; // load MEM7 into (O

—

INST_MEM[65] = 18[%101110_10_0001011010; // set each register in @2

—

load4bit RO im=0000000111

R2 1m=0001011010

INST_MEM[66] = 18’b011010_0000000000_01; // shift right Q1

—

Rshift4bit R1=0011010000110100

INST_MEM[67] = 18Ib010111_0000000000_10; // shift left Q2

—

Lshift4bit R2=1010101010101010

INST_MEM[68] = 18[%000101_10_0000001110; // add im_number into @2

—

R2=0100010001000100 tm=0000001110

INST_MEM[69] = 18[h001011_10_0000001110; // sub im_number from @2

—

R2=0010001000100010 tm=0000001110

INST_MEM[70] = 18[%100011_0000000000_10; // not @2

—

R2=0100010001000100

INST_MEM[71] = 18[%011101_00000000_01_00; // Q1 and QO

—

R1=0001001000010010 R0=0000111100001111

INST_MEM[72] = 18[%100000_00000000_10_01; // Q2 or Q1

—

R2=1011101110111011 R1=0000001000000010

INST_MEM[73] = 18[%101110_00_0000001111; // set QO to 0000001111

—

RO 1m=0000001111

INST_MEM[74] = 18[%101110_01_0000000100; // set g1 to 0000000100

—

R1 im=0000000100

INST_MEM[75] = 18[k101110_10_0000000010; // set g2 to 0000000010

—

R2 1m=0000000010

13

set8bit

MAC8bit

sub8bit

mul8bit

set4bit

add4bit

sub4bit

not4bet

and4bit

or4bit

set4bit

set4bit

set4bit



INST_MEM[76] = 18[%010100_000000_00_01_10; // QO+Q1*Q2

— RO=1111111111111111 R1=0100010001000100 R2=0010001000100010
INST_MEM[77] = 18[k001011_00_0000001000; // sub im_number from QO
— R0=0111011101110111 im=0000001000

INST_MEM[78] = 18[%010001_01_0000000101; // mul Q1 with im_number
— R1=0100010001000100 im=0000000101

INST_MEM[79] = 18[%101110_01_0001011010; // set each register in Q1
— R1 im=0001011010

INST_MEM[80] = 18[%000010_00000000_00_01; // add Q0 to 01

— RO=1111111111111111 R1=1010101010101010

INST_MEM[81] = 18[%000010_00000000_10_00; // add @2 to QO

— R2=0010001000100010 R0O=1001100110011001

INST_MEM[82] = 18[%001000_00000000_10_01; // sub Q1 from @2

— R2=1011101110111011 R1=1010101010101010

INST_MEM[83] = 18[k001110_00000000_10_01; // mul @2 with Q1

— R2=0001000100010001 R1=1010101010101010

INST_MEM[84] = 18[b101011_01_0000001001; // store @1 into MEM9

— store4bit R1=1010101010101010 +m=0000001001

INST_MEM[85] = 18[b101011_10_0000000110; // store (2 into MEM6

— store4bit R2=1010101010101010 wm=0000000110

INST_MEM[86] = 18Eﬁ101011_00_0000000111; // store QO into MEM7

— store4bit R0O=1001100110011001 +m=0000000111

INST_MEM[87] = 18[%100100_00_0000010000; // jump to 16
— loopjump LC= x im= 16

INST_MEM[88] = 18Ib111111_000000000000; // halt

DATA_MEM[0] = 5;
DATA_MEM[1] = 15;
DATA_MEM[2] = 4;

MAC4bit

sub4bit

mul4bit

set4bit

add4bit

add4bit

sub4bit

mul4bit
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3.3.1 Simulation in Makerchip

The code that i used to connect the top file of the processor is written below. Here
only few of the instruction sets were taken to check the working of the processor
whether it provided us a correct output. In this instrction set choses it add two
numbers a and b and store it in register which is indicated by the makerchip wave-
form given below.

module fossee_procl(

input clk,

input rst,

input [15:0] a,

input [15:0] b,

input [15:0] c,

input [15:0] inst_in,

output reg done,

output reg [17:0] instruction_in,
output reg [15:0] data_in,

output reg [15:0] data_out,
output reg [9:0] instruction_addr,
output reg [9:0] data_addr,
output reg data_R,

output reg data_W

)3

reg [17:0] INST_MEM[1023:0];
reg [15:0] DATA_MEM[1023:0];
//wire done;

//reg [17:0] instruction_in;
//reg [15:0] data_in;

//wire [15:0] data_out;

//wire [9:0] instruction_addr;
//wire [9:0] data_addr;

//wire data_R;

//wire data_W;

CPUtop uut (

.clk (clk), // system clock

.rst (rst), // system reset (active high)
.instruction_in (instruction_in),

.data_in(data_in),

.data_out(data_out),

.instruction_addr (instruction_addr),

.data_addr (data_addr),

.data_R(data_R),

.data_W(data_W),
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.done (done)

)

initial begin

INST_MEM[0] = 18[%100110_00_0000000000; // load MEMO into HO loadl6bit
— RO 1m=0000000000
INST_MEM[1] = 18[%100110_01_0000000001; // load MEM1 into H1 loadl6bit
— R1 1m=0000000001
INST_MEM[2] = 18[%100110_10_0000000010; // load MEM2 into H2 loadl6bit

— R2 1m=0000000010
//INST_MEM[3] = 18’°b000000_00000000_00_01; // add H1 to HO

< addl16bit RO=0000000000000101 R1=0000000000001111

//INST_MEM[4] = 18°b000000_00000000_10_00; // add HO to H2

— addl6bit R2=0000000000000100 R0O=0000000000010100

INST_MEM[4] = 18[%101001_00_0000000000; // store HO back into MEMO
— storel6bit RO=0000000000010100 im=0000000000

//INST_MEM[6] = 18°b101100_01_0100100010; // set H1 to 0100100010
- setl6bit R1 im=0100100010

//INST_MEM[7] = 18°b000000_00000000_01_10; // add H2 to H1

— addl16bit R1=0000000100100010 R2=0000000000011000

INST_MEM[5] = 18[%101001_01_0000000011; // store H1 back into MEM3
— storel6bit R1=0000000100111010 im=0000000011

INST_MEM[6] = 18[%101001_10_0000000100; // store H2 back into MEM/
— storel6bit R2=0000000000011000 im=0000000100

INST_MEM[7] = 18[%101001_00_0000000101; // store HO back into MEM5 storel6brt
— R0O=0000000000010100 <m=0000000101

end
always E(negedge clk)

begin
DATA_MEM[0] = a;

DATA_MEM[1] = b;
DATA_MEM[2] = c;
INST_MEM[3] = inst_in;

end

always E(negedge clk)
begin
if (data_R)
begin
if (data_W)
begin
DATA_MEM[data_addr] <= data_out;
Edisplay("write mem %d: %b",data_addr,data_out);
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end
else
data_in <= DATA_MEM[data_addr];
end

end

always @Mnegedge clk)

begin

instruction_in <= INST_MEM[instruction_addr];

Edisplay(”inst_addr %d: %b",instruction_addr,INST_MEM[instruction_addr]);

end

endmodule

T
ma\ke}hip veta PROJECT~ LEARN~ HELP- SOCIAL ~ SAVE AS NEW PROJECT

EDITOR | & NAV-TLV LoG (N x DIAGRAM |vViZz | v WAVEFORM m

input clk,
|

input rst, C T A A A
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input [17:0] instruction_in,
input [15:0] data_in,

output [15:8] data_out,
output [9:8] instruction_addr,
output [9:8] data_addr,
output data_R,

output data_W, e e |
output done . aaadoaaanag - - 2933aaa¢

)i
data_addr 0

wire [5:8] opcode = instruction_in[17:12]; e
data_out *

done.

parameter [2:0] STATE_IDLE = 0; o
parameter [2:0] STATE_IF = 1; inst_in *
parameter [2:0] STATE_ID = 2; instruction addr 0
parameter [2:0] STATE_EX = 3; AoACrrecin. (o
parameter [2:0] STATE_MEM = 4; "““i
parameter [2:0] STATE_WB = 5; ===

parameter [2:0] STATE_HALT = 6;

reg [2:08] current_state;
reg [9:8] PC,next_PC; E
. . UL AN A AT A AN AN AR A AR AUy
V4 reg [17:8] current_instruction; data R o e L F 1 F 1 F 2 o
7/ reg [5:8] current_opcode; data W
reg [9:8] current_data_addr; data_addr 0
reg rdata_en; Gt
reg wdata_en; i
reg [15:0] data_out_re; 1nst 1nil

data_out *

T
Lastupdated 24 minutes ago fd

E'“ E g ”ﬁata,aut = data_out_re: % instruction in © 0 | 1 A
Figure 3.6: Simulation of the design in Makerchip

instruction addr 0
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3.3.2 Simulation in eSim

Now we convert our verilog model to ngspice model which can be simulated. Given
below shows that we have got our desired result in ngspice plot.

4 | processor /] (C:\Users\Subhradip\eSim-Workspace\processor] = X

File Edit View Place Preferences Tools Help

i | = T G aaacl ) 5] G0 | 5 B 5 i o | 14

_l_n, Y t-‘.:
= s P
e eLTJ i
D A
5 . /
wod_ )| N

; N

= J}‘ X

°

{ H A

g

AD-

»

Il I A

: T

i

Figure 3.7: Circuit Design of Processor

v(o14)+150 v(o15)+160
v(012)+130 v(013)+140
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v(08)+20 v(09)+100
v(0B)+70 v(07)+80
v(od)+H v{o5)+60
v(02)+30 v(03)+40
0)4

160.0

noobhnononononhnnonono nonoooonohoonoooonn nnononohonononnononbnononoonohonnnnn
10 20 [N 40 50 6.0 70 80

time us

- Ll -

Figure 3.8: Simulation of the processor on eSim
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Chapter 4

MIPS Processor

This open source processor was taken from opencores website and it is aimed at
implementing a Microprocessor without Interlocked Pipe Stages (MIPS processor)
with Reduced Instruction Set (RISC) architecture. The processor is coded in Verilog
Hardware Description language with a 16 bit instruction set. This processor is a
pipeline based processor with main 5 stages : the information fetch (IF), information
decode (ID), execute (EX), memory (MEM) and write back (WB). The advantage
of the pipeline is that it breaks a complex task into various stages that increases
the speed and reduces the complexity. In the pipeline as soon as one instruction
finishes processing in 1 stage the other data is sent to that stage simultaneously
which increases the speed. But due to this there are various hazards which occur in
the processor. The three main type of hazards are data hazard, control hazard and
structural hazard. To avoid this hazard we add stall cycles.

4.1 Architecture

My MIPS 16 architecture

T T e Rt
H HIR T S P L T
RS [T
H
B0 .
(S Ry e

Figure 4.1: The architecture of the processor as mentioned by the authors [4]
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4.2 Simulation of the processor

There are multiple verilog files in this project so we can simulate all of them sepa-
rately and then combine. This could be one approach of proceeding forward but the
this is time taking and not much useful in terms of proceeding forward. The approach
i used was to simulate the ALU file separately as it performs all the arithmatic and
logical operations so it is important to check that file. Then i simulated the test
benches provided by the authors of the ALU operations to verify the makerchip and
EDAplayground result. The whole processor is then simulated on EDAplayground
and a testbench was written to validate the processor. Now some changes were done
to simulate it esim and makerchip which you can easily find out once you go through
the codes.

4.2.1 Simulation of ALU

First we simulate it in makerchip using custom values or using random values. Then
we run the testbenches of ALU provided by the author to check all the operations
at once.

1]

i
mgkerdhip ., PROJECT- LEARN- HELP~  SOCIAL~ SAVE AS NEW PROJECT
EDITOR |wNAVTLY | LOG (RN x DIAGRAM |+ ViZ | v WAVEFORM
begin E ZOOMIN  ZOOMOUT  ZOOM FULL m
Swrite( Vi
O )
a=1;

11 e e O e

xxxxx

b =2;
cmd = TALU_ADD;
#10
if(r == a + b)
Swrite( )
else
Swrite(
Swrite( )
end X 5000_0001_Ja000_o00z 5000_s005
endtask

, Stime, r, a+b);

task test_SUB;
begin
Swrite( )i
a=2;
b=1;
cmd = "ALU_SUB;
#10
if(r == a - b)
Swrite( )::
else
Swrite( , Stime, r, a-b);
Swrite( )5
end
endtask

task test_AND;
begin
Swrite( )i
/7 a = &randam % 29768

Figure 4.2: Simulation of ALU in makerchip
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@plavground ©ORun #Save @1Copy @ ©  Playgounds~ © Profile~

A\DOULOS

a0 begh SVIVerilog Tes SVerleq besion
- 7 while(i<10) begin
Languages & 78 test_NC;
Libraries 79 test_ADD; ol
8 test_SUB; 62
Testbench + Design test_AND; 63
= test_OR;
SystemVeriogiVeriog v sty A
UVM/OVM © ol b
es’ B = g
None v test_SRU i
R i = el
Other Libraries © aid
None o $stop;
ovL281 $Finish;
SVUnit2.11 =~ end

r=
default :

[ Enable TL-Verilog & task test NC; begin

gin r=0;
O Enable Easier UM @ Swrite(" ALU_NC \t"); “ifndef CODE_FOR_SYNTHESIS
O Enable VUnit © a < Srandom % 32768; 8 $display("ERROR: Unknown alu cmd: %b \n", cmd);
b = Srandom % 32768; < 79 5 //$stop; he
v Tools & Simulators @
Synopsys VCS 202109 v SEIE
Compile Opi ALU_SRU ok o
omile Options ;) e o
-timescale=1ns/1ns +ves+fushi A UHADD) o
Run Options @ ALU_SUB ok
Run Options ALU_AND ok
(0 Use run.do Tel file ALUTOR ok
O Use run.bash shell script ALOOR ok
ALU_SL ok
() Open EPWave after run ALU_SR ok
() Download files after run ALU_SRU ok
B ! ALU_NC ok
ASmpIos, ALU_ADD ok
ALU_SUB ok
~ Community ALU_AND ok

ALU_OR ok
ALU_SL ok

W Follow @edaplayground i - »

Figure 4.3: Simulation of ALU using testbench

4.2.2 Simulation of processor using testbench

module mips_16_core_top_tb_0_v;
reg clk;

reg rst;

reg [15:0] instruction [18:0];

integer j;
reg [15:0] output_res [7:0];
wire [‘PC_WIDTH-1:0] pc;

parameter CLK_PERIOD = 10;

alvays #(CLK_PERIOD /2)
clk ="clk;

integer 1i;

integer test;
mips_16_core_top uut (
.clk(clk),

.rst(rst),
.pc(pc)

initial begin
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instruction[0] = 167b1001001000001000;
instruction[1] = 16Tb1001010001001000;
instruction[2] = 167b1001011010001000;
instruction[3] = 167b0001100010011000;
instruction([4] = 16Tb1011100001000010;
instruction[5] = 167b1010101001000010;
instruction[6] = 167b0010110100101000;
instruction[7] = 16Tb1100000110111000;
instruction[8] = 167b1001111111000001;
instruction[9] = 0;7
instruction[10] = O;
instruction[11] = O;
instruction[12] = 0;
instruction[13] = 0;
instruction[14] = 0;
instruction[15] = 0;
instruction[16] = 0;
instruction[17] = 0;
instruction[18] = 0;

end

initial begin
clk = 0;
rst
#100;
#(CLK_PERIOD/2)
#
display_debug_message;
testl;

Estop;

Il
o

end

task display_debug_message;
begin
Edisplay("\n***************************");
Edisplay("mips_lG core test");
Edisplay("***************************\n");
end
endtask

task sys_reset;
begin
rst = 0;
#(CLK_PERIOD*1) rst = 1;
E(CLK_PERIOD*l) rst

]
o
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end

endtask
task testil;
begin
for (j = 0 ; j< 19; j = j+1) begin
uut.IF_stage_inst.imem.rom[j] = instruction[j];
Edisplay("instruction”,j," ",instruction[jl);
Edisplay("rom",j," ",uut.IF_stage_inst.imem.rom[j]);
end
Edisplay("rom load successfully\n");
Edisplay("running testi\n");
sys_reset;
#
#(CLK_PERIOD+100)
display_all_regs;
Edisplay(”ram[lo] = %d", uut.MEM_stage_inst.dmem.ram[10]);
sys_reset;
end
endtask

task display_all_regs;
begin
Edisplay("display_all_regs:");
display(" ------------------------------ ")
$display("RO\tR1\tR2\tR3\tR4\tR5\tR6\tR7") ;
for(i=0; i<8; i=i+1) begin

output_res[i] = uut.register_file_inst.reg_arrayl[i];

Edisplay("The output R",i," :",output_res[i]);
end
display(" \n-----------———mmo o ")
end
endtask
endmodule
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®log < Share

ERROR: Unknown alu cmd: xxx =
ERROR: Unknown alu cmd: xxx

display_all_regs:
RO R1 R2 R3 R4 RS R6 R7
The output R 0

The output R i

The output R 24

The output R 3z 24
The output R 4

The output R 5

The output R 6

The output R 7

ram[10] = 40
ERROR: Unknown alu cmd: xxx

$stop at time 1147 Scope: mips_16_core_top_tb_O_v File: testbench.sv Line: 100
ucli% -

Figure 4.4: Simulation of processor using testbench

4.2.3 Simulation of processor in makerchip

In this section we change the code so that it can be simulated in verilator. This
code is used in eSim to simulate the processor.

module connector(
input ck,

output reg [15:0] res,
output reg [3:0] resou
)3

reg rs;

reg [15:0] instruct [18:0];
integer j = 0;

wire [7:0] pc;

integer CLPERIOD = 10;
integer i = 0;

integer tes;

integer tes_complete;
integer 1loa;

integer k = 0;

integer pri = 0;

reg [15:0] vah [7:0];

mips_16_core_top uut (
.clk(ck),

.rst(rs),

.pc(pc)

)3

initial begin

Ereadmemb("testo.txt",instrut);
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end

initial begin
tes_complete = 1;

end

always@(posedge ck) begin
if (j<19) begin
uut.IF_stage_inst.imem.rom[j] = instruct[j];
= 3+ 13
end
else

loa = 1;

end

always@(posedge ck) begin

if ((tes_complete == 1) && (loa == 1)) begin
if (i<=80) begin

vah[i] = uut.check_inst.re_arrayl[i];
i=1+1;

end

else

pri = 1;

end

end

always@(posedge ck) begin

if ((pri == 1) && (k <8)) begin
res = vah[k];
resou = k;
k =k + 1;

end

end

endmodule
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ipeline_ _n=19; =
1£( decading_op_src2 != 0 & T e T L e o e g e )|
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decoding_op_src2 == ex_op_dest ol |
decoding_op_src2 == mem_op_des
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pipeline_stall_n = 8;

out_res (7

passed

endmodule

Y

//Top Module Code Starts here:
module top(input logic clk, input logic .
logic [15:8] out_res [7:8];//output st oy
//The Srandom() can be replaced if user wa ey

instruct (0;

tb_check tb_check(.clk(clk), .out_re: instruct (12
instruct (13) *

\TLV instruct (14

instruct (15]

//Add \TLV here if desired e

\sv instruct (17
endmodule instruct (18) *

instruct (4) *
tastupdated a few seconds ago

>

instruct (5) %42

Figure 4.5: Simulation of processor in makerchip

4.2.4 Simulation of processor in eSim

I simulated the processor in eSim and got the desired register values which matched
with that of the makerchip as well as the testbench Implemented.

& [ mips1 /] (C:\Users\Subhradip\eSim-Workspace\mips1) o= X
File Edit View Place Preferences Tools Help
2 e (& — I T A B [y
3 &= FT CaaocR|s 1) ] () | 55 A B s o | 1 Gl
= )
[&]
4
@ 7
plot_vi /
de_bridge_1 nnec
[& o St 1 g 7 3
12 ot [0
)
~N
R’l”gwﬁ )
EAY
oo
AL
-
A
»
DA
o"
&\‘ vl
< > |
Done Loading <C:/Users/Subhradip/eSim-Workspace/mips1/mips1.sch> Z138 X7620 ¥ 14224 dx 7620 dy 142.24 dist 161.36 mm

Figure 4.6: Circuit Design used for simulation

26



v(02)+180 mee=ee=es y(01)+190
v(04)+160 v(03)+170
v(06)+140 v(05)+150

doword [ [ T [ T owespe [ ] ]
V{0TZ)+90 V{0T[N+100
| v{014)+70 | v(o1B)+80
180.0 v{r0)+50 ‘ —— v(015)+60
v({r2)+30 v(r1)+40
v(r3)r20

v{clk)+10
160.0

60.0

18.0 200 220 240 26.0 280 300

time us

Figure 4.7: Simulation of the processor
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Chapter 5

Ngveri Keywords In eSim-2.3

To convert a Verilog model into Ngspice we use the makerchip and ngveri. The mak-
erchip is used to first simulate the file and check the resultant waveform and then
the verilog file is converted. After a successful generation of the desired waveform
we save the verilog file, then add the dependency files (if any) in Ngveri and convert
the file into Ngspice.

While performing the conversion some of the keywords in Ngveri might throw
an error while simulating. These are mainly the names and types of the input and
output ports declared in the verilog file.

e All the input, output and inout ports should avoid names which include input,
output, reg, wire, read, write, execute, decode, fetch as substrings.

e All variable names that are declared as default variables in verilog at the start
of the code should not be used to define the size of any vector in the input
and output ports.

e Should not use the unknown type (x) in variables it may throw an error while
converting as it is not supported by verilator.

e Avoid using module names such as register it throws an error that file and
module name are not the same although we used the same module and file
name. The keyword register creates a problem.

e Do Not use a two dimensional vector example memory as an input and output
port of a module, it will throw an error.

e Do Not use @ or wait commands which are not supported by verilator.

If you find any other keywords or variable names which throws an error while
converting from verilog to Ngspice do let us know.
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Chapter 6

Simulating Digital Circuits for MU

These are some of the cirucits which were asked by Mumbai University to be simu-
lated and tested. I first coded all the circuits in verilog and then it was simulated
in makerchip for simualtion.

6.0.1 Mux

module mux (

input [3:0] a,

input [3:0] b,

input [3:0] c,

input [3:0] d,

input [1:0] sel,

output reg [3:0] out
)3

always @ (a or b or c or d or sel) begin

case (sel)

QIbOO : out <= a;
2°b01 : out <= b;
QHblo : out <= c;
2Ib11 : out <= d;
endcase
end
endmodule
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ma/keblip PROJECT~ LEARN~ IDE~ ‘SAVE AS NEW PROJECT
PLEIDP beta

EDITOR | NAV-TLV LoG (NI x DIAGRAM | v ViZz | v WAVEFORM m

\TLV_version 1d: tl-x.org E ZOOMIN  ZOOMOUT  ZOOM FULL n
\sv
b,

/* verilator lint_off UNUSED*/ /* verilator lint_off DECLFILENAME*/ /* verili

T
T £ ] 6 1 ) o T 5| ) S 5 ] A 8 e
//Your Verilog/System Verilog Code Starts Here:
module mux (

input [3:0] a,
input [3:0] b,
input [3:0] c, o
input [3:0] d, i
input [1:0] sel, a

output reg [3:0] out failed

)i

out

passed

reset.

always @ (a or b or c or d or sel) begin

case (sel)
2'b00 : out <= a;
2'b01 : out <= b;
2'b10 : out <= c;
2'b11 : out <= d;

endcase

end
endmodule

//Top Module Code Starts here:
module top(input logic clk, input logic reset, input logic [31:8] cyc_cnt, ¢

logic [3:0] a;//input
logic [3:0] b;//input
logic [3:0] c;//input
logic [3:0] d;//input
logic [1:0] sel;//input
loaic [3:01 out://outout

Figure 6.1: Simulation of MUX

6.0.2 DeMux

module Demux (

output reg [3:0] YO,
output reg [3:0] Y1,
output reg [3:0] Y2,
output reg [3:0] Y3,
input [1:0] sel,
input [3:0] din);

always @Ksel) begin
case (sel)
2’00 : begin

YO0 = din;
Y1 = 0;
Y2 = 0;
Y3 = 0;
end
2°b01 : begin
YO = 0;
Y1l = din;
Y2 = 0;
Y3 = 0;
end

2°b10 : begin
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YO = din;

Y1 = 0;
Y2 = din;
Y3 = 0;
end
2’b11 : begin
YO = 0;
Y1 = 0;
Y2 = din;
Y3 = 0;
end

endcase

end

endmodule

Py
m@ip vea PROJECT~ LEARN~ IDE~ ‘SAVE AS NEW PROJECT

EDITOR | NAV-TLV (NI x DiAGRAM | v ViZz | v WAVEFORM

\TLV_version 1d: tl-x.org E ZOOMIN  ZOOMOUT  ZOOM FULL “
\SV

/* verilator lint_off UNUSED*/ /* verilator lint_off DECLFILENAME*/ /* verils _
@AM U UL LU L L LU

//Your Verilog/System Verilog Code Starts Here: ‘
module Demux (
output reg [3:0]
output reg [3:0]
output reg [3:0] Y2,
output reg [3:0] Y3,
input [1:8] sel, cye_ent,
input [3:8] din); din,

4
Y

¥3

failed

always @(sel) begin

case (sel)
2'b08 : begin
Yo = din;
Y1 =0;
Y2 = @;
Y3 = @;
end
2'b01 : begin
Yo = @;
Y1 = din
Y2 = @;
Y3 = @;
end
2'b10 : begin
Y8 = din
Y1 =0;
Y2 = din
Y3 = a:
>

Figure 6.2: Simulation of DEMUX

6.0.3 Decoder I1C 74138

module dec74138(

input a,
input b,
input c,

input el_bar,

input e2_bar,
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input e3,
output reg [7:0] out
)3

always@(a or b or c) begin
if ((el_bar == 0) && (e2_bar == 0) && (e3 == 1)) begin

out=SHb11111111;
case ({a,b,c})

3°1000: out [01=11b0;
3°1001: out[1]1=1b0;
3°1010: out[2]1=110;
3'1011: out[31=110;
3°1100: out [4]1=110;
3'1101: out[51=110;
3'1b110: out [6]1=110;
37b111: out[71=1"jp0;
endca;e B
end
else
out = g’b11111111;
end
endmodule

\TLV_version 1d: tl-x.org E ZOOMIN  ZOOMOUT  ZOOM FULL “
\sv
o

/* verilator lint_off UNUSED*/ /* verilator lint_off DECLFILENAME*/ /* verili
//Your Verilog/System Verilog Code Starts Here:

module dec74138(

input a,

input b,

input c,

input el_bar,

input e2_bar,

input e3,

output reg [7:0] out

): failed

out &

passed

reset.

always@(a or b or c) begin

if ((el_bar == @) && (e2_bar == @) && (e3 == 1)) begin
out=8'b11111111;
case ({a,b,c})

3'beee: out[8]=1'b0;
3'be01: out[1]=1'b0;
3'b010: out[2]=1'bO;
3'b011: out[3]=1'b0;
3'b10@: out[4]=1'bO;
3'b101: out[5]=1'b0;
3'b11@: out[6]=1'bO;
3'b111: out[7]=1'b0;
endcase
end
else

out = 8'b11111111:

Figure 6.3: Simulation of DECODER IC
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6.0.4 D Flip Flop

module d_ff(
input D
input clk
input reset

output reg Q
)5

always @Mposedge clk)
begin

else

Q <= D;
end
endmodule

Ty
ma\ke}hip vea PROJECT~ LEARN~ IDE~ ‘SAVE AS NEW PROJECT

EDITOR |+ NAV-TLV (IEQ x DiAGRAM | v ViZ | v WAVEFORM

\TLV_version 1d: tl-x.org E ZOOMIN  ZOOMOUT  ZOOM FULL n
\sv
P 1

/* verilator lint_off UNUSED*/ /* verilator lint_off DECLFILENAME*/ /* verili

//Your Verilog/System Verilog Code Starts Here:
module d_ff(

input D,

input clk,

input reset,

output reg Q

eye_ent
failed
)i pasaed

always @(posedge clk)
begin
if(reset==1'b1)

Q <= 1'b8;

else

Q <= D;
end

endmodule

//Top Module Code Starts here:
module top(input logic clk, input logic reset, input logic [31:8] cyc_cnt,
logic D;//input
logic Q;//output
//The Srandom() can be replaced if user wants to assign values
assign D = $random();
d_ff d_ff(.D(D), .clk(clk), .reset(reset), .Q(Q));

\TLV

Figure 6.4: Simulation of D Flip Flop

6.0.5 JK Flip Flop

module jk_ff (
input j,
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input k,
input clk,
output reg q,
output gb

)

always @ (posedge clk) begin
case ({j,k})
2Ib00 :q <= q;
2'b01 : q <= 0;
2Ib10 :oq <= 1;
b1l : q <= “g;
endcase

end
assign gqb = “q;

endmodule

Py
m@ip vea PROJECT~ LEARN~ IDE~ ‘SAVE AS NEW PROJECT

 NAV-TLV (IEQ x DiAGRAM | v ViZz | v WAVEFORM m
\TLV_version 1d: tl-x.org E Z00MIN  ZOOMOUT  ZOOM FULL n
\sv

)

/* verilator lint_off UNUSED*/ /* verilator lint_off DECLFILENAME*/ /* verili

EDITOR

//Your Verilog/System Verilog Code Starts Here:
module jk_ff (

input j, c 1
input k, _¢ X E i ) 2l
input clk,
output reg q,
output gb

)i

always @ (posedge clk) begin

°a5§‘égé'k>>q . gNNNNNNANANNAANANAANAAANNAAANNANATNAAN
: <=q; |
2'b01 : q <= 0;
2010 : q <= 1; g g e e g o O O
2611 1 q <= ~q; 1 e O e o o v e e
endcase

end
assign gb = ~q;
endmodule

//Top Module Code Starts here:
module top(input logic clk, input logic reset, input logic [31:8] cyc_cnt, ¢
logic j;//input
logic k;//input
logic gq;//output
logic gb;//output

e replaced if user wants to assian values
www.makerchip.com/s: »

Figure 6.5: Simulation of JK Flip Flop

6.0.6 SR Flip Flop

module sr_ff(

input s,r,clk,
output q, gbar
);
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wire outl;

wire out2;

nand (outi,clk,s);
nand (out2,clk,r);
nand (q,outl,gbar);
nand (gbar,out2,q);

endmodule

m@ip PROJECT~ LEARN~ IDE~ ‘SAVE AS NEW PROJECT
PLEIDP beta

 NAV-TLV (IEQ x DiAGRAM | v ViZz | v WAVEFORM m
\TLV_version 1d: tl-x.org E Z00MIN  ZOOMOUT  ZOOM FULL n
\sv

/* verilator lint_off UNUSED*/ /* verilator lint_off DECLFILENAME*/ /* verili

EDITOR

o
FLUATULL LU Ly
//Your Verilog/System Verilog Code Starts Here:
module jk_ff ( sv sv
input j, 1 AU UL
input k, 0 B § E ) ) N
input clk,
output reg q,
output gb
)i

always @ (posedge clk) begin

°“§$3”Q . gNNNNNNANANNAANANAANAAANNAAANNANATNAAN
: <=q; |
2'b01 : q <= 0;
2010 : q <= 1; 0 g gy g ) O e
2611 1 q <= ~q; 0 7 i e O i o . o O
endcase

end
assign gb = ~q;
endmodule

//Top Module Code Starts here:
module top(input logic clk, input logic reset, input logic [31:8] cyc_cnt, ¢
logic j;//input
logic k;//input
logic gq;//output
logic gb;//output
e replaced if user wants to assian values

Figure 6.6: Simulation of SR Flip Flop

6.0.7 Universal Shift Register

module universal_shift(
input clk,

input reset,

input right_sel,

input din,

output reg [3:0] dout,
output s_left,

output s_right

)3

always@(posedge clk) begin
if (reset == 1)
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dout <= 0;
else begin
if (right_sel == 1)
dout <= {din,dout[3:1]};
else
dout <= {dout[2:0],din};
end

end

assign s_left = dout[0];
assign s_right = dout[3];

endmodule

s
m@lip vea PROJECT - LEARN- HELP- SOCIAL ~ ‘SAVE AS NEW PROJECT

EDITOR [N x DIAGRAM | v Viz | v WAVEFORM m

o < 8 ] oo [ omor_sounc [ =]

else begin
if (right_sel == 1)
dout <= {din,dout[3:1]};
else
dout <= {dout[2:8],din};

end
end
assign s_left = dout[0]; failed
assign s_right = dout[3];

passed
reset
ght_sel
endmodule = 1erd
= sight
//Top Module Code Starts here:
module top(input logic clk, input logic reset, input logic [31:8] c
logic right_sel;//input S
logic din;//input Feuet]
logic [3:0] dout;//output right_sel
logic s_left;//output
logic s_right;//output
//The $random() can be replaced if user wants to assign values
assign right_sel = 6;
assign din = $random();
universal_shift universal_shift(.clk(clk), .reset(reset), .right

\TLV

//Add \TLV here if desired
\sv

endmodule

Figure 6.7: Simulation of Left Shift Register
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makerchip . PROJECT~ LEARN~ HELP~ SOCIAL ~
<&

EDITOR |wNAVTLY | LoG
it (reset == 1)
dout <= 0;
else begin
if (right_sel == 1)
dout <= {din,dout[3:1]};
else
dout <= {dout[2:8],din};
end
end

assign s_left = dout[0];
assign s_right = dout[3];

endmodule

//Top Module Code Starts here:

‘SAVE AS NEW PROJECT

nnl x piacram | v viz |+ waverorm m

B EEEEEEETEEE

00M OUT  ZOOM FUI
| ———

module top(input logic clk, input logic reset, input logic [31:8] c

logic right_sel;//input
logic din;//input

logic [3:0] dout;//output
logic s_left;//output
logic s_right;//output

//The Srandom() can be replaced if user wants to assign values

assign right_sel = 1;
assign din = $random();

universal_shift universal_shift(.clk(clk), .reset(reset),

\TLV

//Add \TLV here if desired
\sv

endmodule

.right

e
1] PR R E e R

passed
reset
right_sel
s left
s_right,

s right

Figure 6.8: Simulation of Right Shift Register

6.0.8 Updown Counter

module upordown (

input clk,

input reset,

input up_high,

output reg [3:0] count
)

always@(posedge clk) begin
if (reset == 1)
count <= 0;
else begin
if (up_high == 1) begin
if (count == 15)
count <= 0;
else
count <= count + 1;
end
else begin
if (count == 0)
count <= 4[

else

d15;

count <= count - 1;

end

37



end

end

endmodule

T
makerchip . PROJECT~ LEARN~ HELP- SOCIAL ~
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SAVE AS NEW PROJECT

EDITOR | & NAV-TLV LoG (IR x DIAGRAM | ViZ | v WAVEFORM m

\sv

/% verilator lint_off UNUSED*/ /* verilator lint_off DECLF! b, ., he

| S 1 S |
T e o o o o o e e T T o A G p
8

//Your Verilog/System Verilog Code Starts Here: -

module upordown(

input clk, RS | g e o e o W
input reset, e — :

input up_high, s =

failed
output reg [3:0] count o

)i

passed

always@(posedge clk) begin
if(reset == 1)
count <= 0;
else begin
if(up_high == 1) begin
if(count == 15)

count <= 0;
else
count <= count + 1;
end
else begin

if (count == @)

count <= 4'd15;
else

count <= count - 1;

endmodule

Figure 6.9: Simulation of Updown Counter
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