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This week

e Homework 6B due tonight
« Homework 7A posted soon(ish)

e Hopefully tonight

 Thursday: Studio (bring kit?)




Architectures: RISC-V

* Three major kinds of things instructions do:
« Computation (use the ALU; do basic math/logic): add, addi, or, ...

 Move data (between registers or registers to/from memory):
MV WSS Wt

e Control program flow (which instruction happens next): beq, blt, cal,




RAM

« RISC-V: “Load-Store Architecture”
e Specific instructions to
* Transfer from RAM to register (load data)

* Transfer from register to RAM (store data)

» Alternative architectures (x86) able to directly combine data from memory
with register data




Review Reading (from Men to Reg):
Load

* Mnemonic: load word (1w)

e Format: 1w tl1, 8(s0)
1lw destination, offset(base)

» Address calculation: RAM index = add base address (s0) to the offset (8) = (s©@ + 8)

* Result: t1 holds the data value at address (s©® + 8)
l.Le. t1 = RAM[s0+8]

* In terms of “register” array:
REG[t1l] = RAM[REG[sO]+8]]
REG[6] = RAM[REG[8]+8]]

- Units: Memory is usually “byte addressable” and words are 4 bytes.
So data is actually retrieved from RAM[REG[sO]+8] to RAM[REG[sO]+11]]




Reading (from Reg to Men): Store

Mnemonic: store word (sw)

Format: sw t1, 8(s0)
sw destination, offset(base)

Address calculation: RAM index = add base address (s0) to the offset (8) = (s0 + 8)

Result: t1 holds the data value at address (s©® + 8)
l.e. RAM[s0+8] = t1l

In terms of “register” array:
RAM[REG[sO]+8]] = REG[tl]
RAM[REG[8]+8]] = REG[6]

- NOTE: Stores are the one case where the “thing on the left” is not the destination!




Studio 6B: More Assembly
(Functions & Memory)



Chapter 6 & 7



Architectures: RISC-V

» “Architecture”: Programmer’s view of CPU

 Fundamental data size: 32-bit “word”. CPU/ALU designed for 32-bit operations
(Multiple 32-bit operations can be done to do larger operations)

« Memories
« RAM: Big array of numbers; Uses 32-bit addresses

» Registers: Array with 32, 32-bit values. Special names correspond to intended uses
(Ex: a-registers,like a0, are for “arguments” to functions)

 Instructions: Also 32-bit values; May be stored in RAM or separate memory




Architectures: RISC-V

e Machine codes

» “Substitution code”: Numbers represent concepts

e RISC-V “Instruction Set Architecture” (ISA):

e Formats are about data locations
(“addressing” / location of information needed)



https://en.wikipedia.org/wiki/Substitution_cipher
https://pages.hmc.edu/harris/ddca/ddcarv/DDCArv_AppB_Harris.pdf

Architecture & MicroArchitecture

» Architecture: Blueprint of behavior based on assembly language
* Microarchitecture: Specific implementation(s)
» Lots of variations possible with cost/performance tradeoffs
 Ex: “Single Cycle” version vs. “Pipelined”

« Single-Cycle: Each instruction is 1 (long) cycle

« Multi-Cycle: Instructions take more than one cycle,
but cycles are shorter and over performance is better.
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Simple (Single-Cycle) RISC-V Computer
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Simple (Single-Cycle)
Control vs. Datapath
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The Problem

Find x such that 2* = 128



pow In sO; x in s1

Problem: Find x such that 2*' = 128

// determines the power

// of X such that 22X
int pow = 1;

int x = 0;

while (pow != 128) {

pOw = pow * 2;




Behavior: Parts of CPU Model
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Behavior: Parts of CPU Model




Behavior: Parts of CPU Model
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Behavior: Parts of CPU Model
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Behavior: Parts of CPU Model
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Behavior: Parts of CPU Model

0x00000000
0x00000004
0x00000008
0x0000000C
0x00000010
0x00000014
0x00000018

00100413
00000493
08000293
00540863
00840433
00148493
FF1FFO6F

Index
X0
x1

x5

x8
x9

Name Value
zero

)

t0

s

sl

ALUResult



0x00000000
0x00000004
0x00000008
0x0000000C
0x00000010
0x00000014
0x00000018

00100413
00000493
08000293
00540863
00840433
00148493
FF1FFO6F

Index Name

X0
x1

x5

X8
x9

ZE€ro
Ira

t0
s
sl

Value

ALUResult




Simple, Single_Cycle ple‘_\l MNrAarmrmiirtar
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Describe behavior of all elements and any

Si m ple, Si ng Ie-CyCIe required control signals for

add tO,tl1,tl
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Describe behavior of all elements and any

Simple, Single-CyC|e required control signals for
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Describe behavior of all elements and any

Simple, Single_Cycle I: required control signals for
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Describe behavior of all elements and any
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Simple Sinala_-Cycle: Inefficient!

Consider:
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Simple, Single_Cycle PICA N MAarmniitar
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Simple, Single_Cycle PICA N MAarmniitar
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Simple, Single-Cycle: Inefficient!
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Simple, Single-Cycle: Inefficient!
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Simple, Single-Cycle RISC-V Computer
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Multi-Cycle ISC-V Computer
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S0: Fetch
AdrSrc =0
IRWrite
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Pros/Cons of Multi-Cycle

* Instructions take only required time: Not constrained by the slowest
instruction!

A little more complex




S0: Fetch
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rocess: Hw 3B & 4B - Washer

S0: Start
AdrSrc =0 S1: Soap
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ALUSIrcB =10
ALUOp = 00
ResultSrc = 10

op = 0000011 (1w)

OR
op = 0100011 (sw)

S$2: Warm
ALUSrcA=10
ALUSIcB = 01

ALUOp = 00

S$3: Air Dry
ResultSrc = 00
AdrSrc = 1

S4: Power UV
ResultSrc = 01

S6: Power Cold
ALUSrcA =10
ALUSrcB = 00

ALUOpD = 10

$5: Extra Hot
ResultSrc = 00
AdrSrc =1
MemWrite

op =
0010011
(I-type ALU)

S8: Power
Warm
ALUSIcA = 10
ALUSTIcB = 01
ALUOp = 10

S§7: UV Sanitize
ResultSrc = 00
RegWrite

o =
1100011
(beq)
$10:
AntiSpot
ALUSrcA =10
ALUSrcB = 00
ALUOp =01
ResultSrc = 00
Branch

RegWrite




Ex:aqg c® , ¢l ek
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S1: Decode
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ALUSIcB = 01
ALUOp = 00
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op =
0110011
(R-type)

S6: ExecuteR
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RegWrite

s Ex: add tO,tl,t2
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Questions

Are single-cycle processors used?

Yes...Some simple microcontrollers

Concepts are relevant in some special purpose things (GPU-like-ish)

Which style is most relevant? Hw7A: Single-Cycle; Life: Probably Pipelined.
 Why the more complex ones? Performance!

How does propagation delay impact this stuff? (Why is lw “slow”?)

That FSM for the multi-cycle thing. Ugh.

Do we have to do this in HDL? (Kinda. But kinda did most already: ALU, State Machine, Registers)




