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FSM

TO SUPPORT MEMORY ACCESS AND BRANCHING



Example FSM

You can implement FSM in your own
way. Especially if you choose to use

a different datapath design.
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MEMORY-MAPPED PERIPHERALS



Memory-Mapped Peripherals: Special Function Registers

SW[15:0]
DI

DO
TbLE sw —Y em_gate
Wddr: 160400 ;_CH—'
16'h0400
&L*>
mem_ad
data_bus v

mem_gate Jnem gate
j_Cogtgut reg_en S_C eg7reg_en

DI DO |—— DI DO |———
1600401 mem_wen e mem_wen
tput reg_eﬁ }JVEN O;g;ut eq7re en’}' Nseg?dlsplay
) ddr: 16'h0402
mem_add Addr: 16'h0401 mem_addr,
clk >

INGS
Co//ege
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Memory Map for RISKing16

0 Memory-mappingis a typical method to
design peripherals. By giving the
peripheral a memory address, the

Address Rage Description RW

S Unused Space

. . 0x0800 NA
processor can deal with 10 simply by OXO7FE
reading and writing memory addresses 0x0403 Reserved SFR space NA
like main memory. 0x0402 7-segment display register RW
O E l ] 0x0401 Output Register (LED) RW
xample usage: 0x0400 Input Register Read Only
Ox03FF .
; Load SFR base address (0x04 << 8 = 0x0400) into RO 0x0000 Main Memory RW
LUI RO, 0x04 ; RO = 0x0400 (SFR base address)
; Read input from switches
LDR R1, [RO, 0] ; Rl = INPUT_REG (offset © from base)
; Write to LEDs
STR R2, [Re@, 1] ; OUTPUT_REG = R2 (offset 1 from base)

; Write to 7-segment display
STR R3, [RO, 2] ; SEG7_REG = R3 (offset 2 from base)

INGS
% PASAIL :
I()NIXDN



R-type Instructions (Register Operations)

O example
ADD R1, R2, R3 ; Rl = R2 + R3 (no shift)
SUB R4, R5, R6 ; R4 = R5 - R6
ADD RO, R1, LSL(R2) ; RO = R1 + (R2 << 1)
ADD RO, R1, R2, LSL ; RO = R1 + (R2 << 1) (alternative syntax)
AND R3, R4, ASR(R5) 5 R3 = R4 & (R5 >>> 1)

INGS
Co//fgg
s SIS AL



I-type Instructions (Register Operations)

O example
ADDI R1, R2, 10 ; Rl = R2 + 10
SUBI R3, R4, 5 ; R3 =R4 - 5
ADDI R5, R5, -1 ;5 R5 = R5 - 1 (decrement)

INGS
% PASAIL .
LONDON



Load Immediate Instructions

O example

LDI R1, 100 ; R1 0x0064 (100, positive — bit 7 is 0)

J
LDI R2, OxFF ; R2 = OxFFFF (-1, sign-extended — bit 7 is 1)
LUI R3, 0x04 ; R3 = 0x0400 (0x04 << 8)
LUI R4, ©x12 ; R4 = 0x1200 (©x12 << 8)

INGS
Co//fgg
s SIS AL



Memory Access Instructions

O example
LDR R3, [R1l, O] ; R3 = Mem[R1 + 0]
LDR R4, R1, 5 5 R4 = Mem[R1 + 5] (alternative syntax)
STR R5, [R1, -2] ; Mem[R1 - 2] = R5

INGS
Co//fgg
s SIS AL
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Jump and Branch Instructions

O example

JMP loop_start
JAL subroutine
JR

BEQ skip

BNE continue

INGS
Co//fgg
s SIS AL

we Wwe Wwe Wwe o

Unconditional jump

Call subroutine (return address in R7)
Return from subroutine (PC = R7)
Branch if equal (Z flag set)

Branch if not equal (Z flag clear)
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Special Instructions

O example
HALT ; Stop CPU execution
NOP ; No operation
MOV R1, R2 ; R1 = R2 (assembled as ADDI R1, R2, 0)

INGS
Collfge
s SIS AL
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For complete instruction set:

RISC Processor Instruction Set Reference.xlsx S des %8
RISKing_Programming_Manual.md RISKing CPU Programming Manual

Overview

The RISKing processor is a 16-bit RISC CPU with a simple but powerful instruction set. This manual provides comprehensive guidance
for writing assembly code for the RISKing CPU, including instruction syntax, programming conventions, memory layout, and special

function registers.

Architecture Summary

Word Size: 16 bits

Address Space: 16-bit addresses (0x0000 - OxFFFF)

Main Memory: 1024 words (0x0000 - 0xO3FF)

Registers: 8 general-purpose registers (R0-R7)

Special Function Registers (SFR): 3 registers at addresses 0x0400-0x0402

Register Conventions

Register Convention Purpose

RO General Conventionally kept as zero (not hardware-enforced — software must initialize and preserve)
General General-purpose registers

R6 SP Stack Pointer (recommended usage)

R7 LR Link Register (recommended usage)

Note: While all registers are general-purpose, following these conventions ensures compatibility with standard calling

conventions and makes code more readable.

Memory Layout

ING'S
College
LONDON
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Assembly Program with RISKing: Syntax

Basic Structure Number Formats
[label:] instruction [operands] ; comment Decimal: 10, -5
.DIRECTIVE [arguments] Hexadecimal: 0x10, OxFF
Binary: Not directly supported (use hex)
Labels Labels can be used as operands and are resolved to their
End with colon (:) address (relative for jumps/branches, absolute for WORD)

Used for jump targets and data references
Case-sensitive

Comments
Single-line comments: ; or//
Comments are ignored by the assembler

Assembler Directives

.ORG address: Set the assembler's location counter to the
specified address (decimal or hex)

WORD value: Place a 16-bit data word at the current address
(can be a number or a label)
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Assembly Program with RISKing: Example

START:
LDI R1, 10 ; R1 <- 0x000A (decimal: 10)
LDI R2, 5 ; R2 <- 0x0005 (decimal: 5)
ADD R3, R1, R2 ; R3 <- R1 + R2 = Ox000A + Ox0005 = Ox000F
SUB R4, R1, R2 ; R4 <- Rl - R2 = OX000A - Ox0005 = 0x0005
AND R5, R1, R2 ; R5 <- R1 & R2 = Ox000A & Ox0005 = 0x0000
OR R6, R1l, R2 ; R6 <- R1 | R2 = OxP00A | 0x0005 = OxOOOF
HALT ; Stop CPU execution
; Register Allocation:
; R1(Operand A) - First operand (value: 10) . .
; 2(Ozerand B) -Seconrt)j operand (value: 5) iE;{(gzc‘:zcj((i(%sFl;lfiddition' 1045
; R3(Result ADD) - Stores addition result ’ :
: R4 (Result SUB) - Stores subtraction result ; R4=05 (0x05) - Subtraction: 10 - 5
: R5 (Result AND) - Stores bitwise AND result ; R5=0 (0x00) - AND: 10 & 5 (binary: 1010 & 0101 = 0000)
; R6 (Result OR) - Stores bitwise OR result ; R6=15(0x0F)-OR:10 |5 (binary: 1010|0101 =1111)
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Assembler: Convert Assembly to Binaries

O The RISKing assembler (RISKing_assembler.py) converts assembly code to binary format.
O Demo: Using RISKing_assembler
O Refer to RISKing CPU Programming Manual.md

START 1000000100001010
tgi E;: ;@ 1000001000000101
ADD R3, R1, R2 0000001100100010
SUB R4, R1, R2 ——— 0000110000100010
AND R5, R1, R2 0010010100100010
OR R6, R1, R2 0011011000100010
HALT 1111111111111111
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Assembler: Convert Assembly to Binaries

Assembler Usage

The RISKing assembler (RISKing_assembler.py ) converts assembly code to binary format.

Command Line

python RISKing assembler.py input.asm [-o output_prefix] [-d memory_depth]

Parameters

® input.asm: Input assembly file
* -0 output_prefix: Output file prefix (default: input filename)
* -d memory_depth: Memory depth in words (default: 1024)

Output Files

* <prefix>.coe: Vivado Block Memory initialization file (hex, COE format)
* <prefix>.txt: Binary format for simulation ($readmemb )
* <prefix>.mem: Memory initialization file (hex, one word per line)

When -o is not specified, the output prefix defaults to <input_basename> mem_init (e.g. program.asm —
program_mem_init.coe, program_mem_init.txt, program_mem_init.mem).

Unused memory locations are filled with 8xFFFF (HALT) up to the specified memory depth.

Example

python RISKing_ assembler.py program.asm -o mem_init -d 1024
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Code Evaluation: Testbench Hierarchy

Testbench

DUT

DP_Inst
RF _Inst

registers Reg
checker

MEM Inst

MEM
mem_chec

mem_array "
er
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Demo

O Finish CPU design
Q Verify with Verilog Autograder With Waveforms

O Write your own assembly program
O Make a testbench with your program

O Download to BASYS3 for Demo
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