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1. Introduction / Theory of Operation

This report will detail the design and operation of the SMP8, a very simple 8-bit
microprocessor designed with similar principles as the MIPS single-cycle processor. The
processor consists of a combinational control unit with a small datapath. The datapath includes
several multiplexers, instruction and data caches, 2 general registers, an ALU and other
supporting components. The processor supports 16 instructions including a NOP instruction. The
processor is not very powerful but it was designed for simplicity and not efficiency. We wrote
testbenches for 2 test codes and implemented them on the DE2 FPGA board as well as in

simulation (VCS).

2. Results of Experiments
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SMP8 block diagram




# Instruction NOP LOAD [STORE [MVA |MVR JUMP ALU
8 7 6 5 4[3 2:0

1|NOP 1 0 0 0 0 0 100
2|LDAC 0 1 0 0 0 0 100
3|sTAC 1 0 1 0 0 0 100
4|MVAC 0 0 0 g 0 0 100
5/MOVR 0 0 0 0 1 0 100
6/JUMP 1 0 0 0 0 1 000
7|JMPZ 1 0 0 0 0 z 000
8[JPNZ 1 0 0 0 0 1z 000
9/ADD 0 0 0 0 0 0 000
10|suB 0 0 0 0 0 0 001
11[INAC 0 0 0 ()} 0 0 010
12|CLAC 0 0 0 0 0 0 011
13|AND 0 0 0 0 0 0 100
14|0R 0 0 0 0 0 0 101
15/XOR 0 0 0 0 0 0 110
16|NOT 0 0 0 0 0 0 111

Control word table

10 8ol
A0 Ap

74 30 Machine code for test 1 (left) and
58 F8 | test 2 (right)

Ag EB
38 BA
38 24
22 aa
Be ge

Design Codes:

module smp8 (input clk, reset

output ]

input instr

output [7:0] AC

wire zero, nop, load, store, mva, mvr, jump

wire alucontrol

controller c(instr[7:4 zero, nop, load, store
datapath dp(clk, reset, nop, load, store, mva
endmodul e

Top module

mva

mvr

mvr

Jjump

Jump

alucontrol

alucontrol, zero

instr




modul ontroller (input
input zero

output nop

output load, store
output mva, mvr

output jump

output alucontrol

reg controls
nop, load, store, mva, mvr, jump, alucontrol

controls
controls
controls
controls
controls
controls
controls
controls
controls
controls
controls
controls
controls
controls
controls
hF: controls

endmodul e

hodute datapath (input clk
input nop

input load, store

input mva, mvr

input jump

input [2:8] alucontrol
output zero

output [3:8] pc

input [7 instr

aluout
AC clk nop clk
pcnext, pcplusl
acnext, ldout, R, datamem
zeronext

pcreg(clk, reset, pcnext, pc
pc, 4'hl, pcplusl

mux2 pcmux(pcplusl, instr jump, pcnext

flopr AC_reg(AC_clk, reset, acnext, AC
R reg (mva, reset, AC, R
ldmux({aluout, datamem, load, ldout
mvmux({ldout, R, mvr, acnext
dmem dmem (clk, instr[3:0 store, AC,datamem

alu alu(AC, R, alucontrol, aluout, zeronext
flopr zeroreg(clk, reset, zeronext. zero
endmodul e

controls

Control unit

Datapath stitched together




module imem (input [3:0] a, output
reg [7:8] RAM[15:8
$readmemh (“imem.dat", RAM

rd RAM| a
endmodul e

Cache memories

module dmem (input clk
input [3:8] a
input we

input [7:0] wd
output 4
reg

$readmemh (“dmem.dat" ,RAM

rd RAM| a
clk
we
RAM/ a wd
endmodul E{

module adder (input [3:0] a, b, output
y —a+b
endmodule

hodute flopr parameter WIDTH

input clk, reset
tnput [WIDTH-1:0] d Supporting modules
output reqg [WIDTH-1:0| g

clk
reset) q
q d
endmodul e

module mux2 parameter WIDTH
input [WIDTH-1:0] d@, dl1, input s
output |WIDTH-1:0| y

y = s dl : de
endmodul e




out

ZEro

ALU

“include "t
madule tes

reg clk

top dut (clk

clk

imulation completed”

endmodul.e

Testbench, values were verified in waveform




Waveforms:
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Accumulator ends at 0x72 =114=55+1+1 + (57) CORRECT!
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o-hiva

-t

o jump
b-alucontrollz:0]
zern

o peE0]

- inst7.0]
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Accumulator ends at OxFF = 255 = ~(0+1) ~ 1 CORRECT!

Test Code 1 Video Demo

Test Code 2 Video Demo



https://www.youtube.com/watch?v=BXZvaDwQvls
https://www.youtube.com/watch?v=2FSk1OXDHfA

Timing:

[ Setup: ce ©
Commend Info Summary of Paths
Slack From Node ToNode LanchClock  LatchClock  Relationship  ClockSkew  Data Delay
1 [7.287  smobismp8|datepathicplfiopr:AC reglaD] | smpBismpBldatapathidplfloprizeroreglal0] | ck ck 0 3.520 4,765
2 -7.285 | smp8ismps|datapathidplfionriAC_regla[0] ck £ 0 3.520 4,763
3 -2.257  smp8:smp8|datapath:dplfiopr:AC_reg|a[2] k ck 0 3.520 4735
4 2250 smpsismps|datapathich|fapriAC_realq[l] ak ok Looo 3.520 4728
5 7.212  smps:smps|datapath:cp|fiopr:AC_reg|q[s] | smpS:smps|da ak ak Looo 3.517 4,603
6 -7.205  smp8:smps|datapath:colfiopr:AC_reglalS] |smp8:smpB|datapathdpl fiopr:zeroreglald]  ck ck 1.000 3517 4,689
7 -7.180  smp8:smps|datapath:colfiopr:AC_reglal2] |smp8:smpsldatapath:dol fopr:zeroreglald]  ck ck 1.000 3.5 4,658
174 smof:smosdatapath:dolfioor:AC realof?] | svos:snosldatanath:dolfioor zerorealalyl c f Long 0 4.6
Path #1: Setup slack is -7.267 (VIOLATED) Path #1: Setup slack is -7.287 (VIOLATED)
PathSummary  Statistcs  Dat3Path  Waveform  Extra Fitter Information PathSummary  Statstics  DataPath | Waveform | Exira Fitter Information
Data Arrival Path
Total o RF Type  Fenout Location Element
224808
1 0.000 0.000 launch ede time
2 v 74t 7,401 dock path | aunch Clock Laun:hl
1 0.000 0.0 source latency
2 0000 0.000 1 PIN_M23 Lo
3 0000 000 RR I 1 IOIEUF X115 Y40 N8 dkwinputii Getue Relationshin ————
4 065 060 AR CHL 6 IOIEUF X115 Y40 N8 dkwinputio
s 3.387 2737 RR i 1 LCCOMB_X74_Y1_N6  smp8|dp|AC_ck|dataa Laten clock Lkw"l
s 3804 047 RR CEL 1 LCCOMB_X74.Y1NG  smp8idplAC_cklcombout
b 5277 143 R I 1 axemL617 smp8ldplac_ckwckctrindklo] X
ata Arrival
s 5277 0000 RR  CAL B CIKCTRL 617 smp8ldplAC_dk~ckctrloutck
9 6.803 15% R c 1 FF_X73_Y2 N5 smp8ldp|AC_reglal0]Ick
0 a1 nwem en el s I " ool
Data Reguired Path
Total o RF Type  Fenout Location Element
1 Looo 1000 latch edge tme
2 v oassi 2881 dock path s1ack 7287 e
1 Lo 0.000 source latency
2 1000 0000 1 PIN_MZ3 dk sta Reuire X
3 Lo 000 RR I 1 IOIBUF X115 Y40 N8 ckninputii
slack From Node ToNode lanchClock  LatchClodk  Relatonship  ClockSkew  Data Delay
10213 AC_reglal0] ck dk 8.500 3520 4765
2 0as _reglalc] ko dk 8.500 .52 4763
ERNCES AC_regla[2] k de 5.500 5520 4735
4 02m0 _regla[0] dk de 8.500 =520 4728
s 02 AC_regla[s] a d 8.500 2517 4693
6 0.292 +AC_reglals] -3 dk 8,500 2517 4689
7 030 +AC_reglal2] k. 3 8,500 -3.520 4658
0,326 realalzl ck dk 00 -5.520 4.6
Path #1: Setup slack is 0.213 Path #1: Setup slack is 0.213
Pathsummary | Statstcs | DataPath | Waveform | Extra Fitter Information PathSummary  Statistics | DataPath | Waveform  Extra Fitter Information
Data Arrival Path
Total o RF Type  Fenout Location Element -
1 0.000 0.000 launch edge tme Bigns
2 v 7401 7.201 dlock path Launch £lack Laum:hl
1 0.000  0.000 source latency
2 0000 0.000 1 PIN 23 -
3 0.000 0.000 RR i 1 IOIBUF_X115_Y40_N8  dkninputli 3etup Relationsh
4 065 06 RR  CAL 6 I0IBUF_X115_Y40 N8 clkinputlo
5 3.387 2737 AR c 1 LCCOMB_X74_Y1_N& smp8|dp|AC_ckdataz Latch Clock Laf hI
3 804 047 AR CAL 1 LCCOMB_X74 YL NG smp8|dp|AC_cklcombout
7 5277 1473 R IC 1 CLKCTRL_G17 smp8ldplAC_ck~chetllinck[o] bata Arrival Xi
8 5277 0000 RR CAL 8 CIKCTRL_G17 smp8ldpl AC_dk~chetrijoutck
3 6.803 15% RR ic 1 FF_X73 ¥2_N5 smp8|dp|AC_regla[0] Ik
4 a1 s me  cRl 3 3 m lafol 9
Data Required Path

Timing was fixed by changing clock to have 8.5 ns period. Both test code 1 and 2
contain 9 instructions, each taking a single cycle, so 8.5ns*0 = 76.5ns execution time




3. Conclusions & Summary

In conclusion, this project was an appropriate culmination of our studies of computer
architecture. We were tasked with building an 8-bit processor in Verilog by first designing a block
diagram that supports all the instructions specified, then implementing it in code and testing its
operation on an FPGA development board and in simulation with waveforms. After putting a good
effort into the block diagram, the code was the easy part. No changes were made to the block
diagram after the drawing was finalized, meaning it worked exactly as designed which is
something | am proud of. The project as a whole is worthy to go on my resume and | look forward

to increasing my knowledge of computer architecture and possibly pursue a career in it.



