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What is microarchitecture?

• Microarchitecture: how to implement an architecture in hardware
• Processor:

– Datapath: functional blocks
– Control: control signals

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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RISC-V State Elements

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

• State elements: determines everything about a processor:
– Architectural state:

• 32 registers
• Program Counter (PC)
• Memory
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Example Program

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

• Design datapath
• View example program executing

!""#$%% F'%(#)*(+,' -.I$ 0+$1"% 23*4+'$563'7)37$

0x1000 L7: lw  x6, -4(x9) I 111111111100  01001 010 00110   0000011 FFC4A303
!"#$$%%&'( )* +,)-%(

0x1004     sw  x6, 8(x9) ! 0000000 00110 01001 010 01000   0100011 0064A423
!"#$$%%&.( #$$/&' +,)-%()-0(

0x1008     or  x4, x5, x6 " 0000000 00110 00101 110 00100   0110011 0062E233
!"!12345 )* +,)-%()-0(

0x100C     beq x4, x4, L7 # 1111111 00100 00100 000 10101   1100011 FE420AE3
!"#$$%06%'&.( #$$/&%6%% +,)-%()-0(
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Step 1: Instruction Fetch

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Step 2: Read Source Operand (rs1)

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 



Lecture 7 Slide 7PYKC 12 Nov 2024 EIE2 Instruction Architectures & Compilers

Step 3: Extend the immediate constant

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Step 4: Calculate memory address
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Step 5: Read data from memory & write to Reg

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Step 6: Determine address of next instruction

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Implementation of the ”sw” instruction

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

• Immediate: now in {instr[31:25], instr[11:7]}
• Add control signals: ImmSrc, MemWrite
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Implementation of the ”sw” instruction

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

• Immediate: now in {instr[31:25], instr[11:7]}
• Add control signals: ImmSrc, MemWrite
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Immediate offset for I-type and S-type are different

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

Implementation of the ”or” instruction

• Read from rs1 and rs2 (instead of imm)
• Write ALUResult to rd



Lecture 7 Slide 15PYKC 12 Nov 2024 EIE2 Instruction Architectures & Compilers

Implementation of the ”beq” instruction

Calculate target address: PCTarget = PC + imm

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Adding the Control Unit

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Two different views of the Control Unit

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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Main decoder

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 
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ALU Decoder

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

op 6:0
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Example – Control for   and  x5, x6, x7

Based on: “Digital Design and Computer Architecture (RISC-V Edition)” 
by Sarah Harris and David Harris (H&H), 

010
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Lab 4 – A Very Basic RISC-V CPU

• Start working as a Team – 2 pairs allocated by me

• Lab objectives:

1. To get to know your teammates.

2. To establish a Github Repo for your team where everyone’s contribute 
towards.

3. To learn about TWO RISC-V instructions in great details.

4. To design a simple CPU that executes these two instructions.

5. To use execute a short program using only these two instructions. The 
program implements the binary counter in Lab 1, but in software.

6. Stretched goal – to implement a third instruction accessing data 
memory. With this, implement the sinewave generator in software.
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Lab 4 – Program to execute

https://riscvasm.lucasteske.dev
Online RISC-V Assembler:

https://riscvasm.lucasteske.dev/
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Lab 4 – Pseudoinstruction is easier to read
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Lab 4 – Overall block diagram


