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Review Reading (from Mem. to Reg):
Load

- Mnemonic: load word (lw)

- Format: Iw t1, 8(s0)

lw destination, offset(base)
- Address calculation: RAM index = add base address (s0) to the offset (8) = (sO + 8)

- Result: t1 holds the data value at address (s0O + 8)
l.e. t1 = RAM[s0+8]

- In terms of “register” array:
REG[t1] = 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[s0]+8] to RAM[REG[s0]+11]]



Reading (from Reg to Mem.): Store

- Mnemonic: store word (sw)

- Format: swtl, 8(s0)

sw source, offset(base)

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

- Result: t1 holds the data value at address (sO + 8)
l.e. RAM[s0+8] =t1

- In terms of “register” array:
RAM[REG[s0]+8]] = REG[t1]
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)
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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

- Machine codes

14 )

. Numbers represent concepts
- RISC-V " " (ISA):

- Formats are about data locations
("faddressing” / 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

Y

PCSrc
ResultSrc
MemWrite
op ALUControIzm

funct3 |ALUSrc
funct?, | ImmSrc
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CLK
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Simple (Single-Cycle)
Control vs. Datapath

MY

PCSrc
ResultSrc
MemWrite
op ALUControIzm

funct3 |ALUSrc
fu nCt75 Imm Src1 9

Zero |RegWrite

Control
Unit

CLK

PCNext [ - Zero
ALUResult ReadData

Instruction
Memory

WriteData

Register
D3 File

PCTarget




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 2x = 128
Int pow = 1;

Int x =0;

while (pow !=128) {
pow = pow * 2;
X=x+1;

J



PCNext

Behavior: Parts of CPU Model
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Instruction
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Behavior: F

CLK
PCNext N o0

i 0,1
li 51’0

while loop:
li t01128
beq s0,t0, done
add s0,s0,s0
addisl,s1,1
j while_loop
dOne:
dene




Behavior: Parts of CPU Model

0x00000000 00100413

0x00000004 00000493 .2
0x00000008 08000293 ! wnie oop

li t0,128

0x0000000C 00540863 | beqsoo, done

add s0,s0,s0

0x00000010 00840433 | addisisil

j while_loop

0x00000014 00148493 =
0x00000018 FF1FFOO6F




Behavior:

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

00100413
00000493
08000293
00540863
00840433
00148493
FF1FFO6F

li sO,1
lis1,0

while_loop:
li t0,128

beq s0,t0, done

add s0,s0,s0
addi s1,s1,1
j while_loop

Parts of CPU Model

N WES3
A1 RD1

A2 RD2

A3

Register
WD3 " File




Behavior: Parts of CPU Model

0x00000000 00100413 =
0x00000004 00000493 |ii, o Tame A
0Xx00000008 08000293 i ioon Xl ra
0x0000000C 00540863 ded P
0x00000010 00840433 | occisisi PR
0x00000014 00148493 | o= © st

0x00000018 FF1FFO6F —




Behavior: Parts of CPU Model

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

00100413
00000493
08000293
00540863
00840433
00148493
FF1FFO6F

sO,1
s1,0

while_loop:

li t0,128

beq s0,t0, done

add s0,s0,s0
addi s1,s1,1
j while_loop

done:

j done

Index Name

X0
x1

Zero
Ira

Value

ALUResult




0x00000000 00100413 |
0x00000004 00000493 | ;g

0x00000008 08000293 while loop: |i t0,128
Px0000000C 00540863 beq s0,t0, done
0x00000010 00840433 add s0,s0,s0
0x00000014 00148493 addisl,s1,1

j wibile_loop
0x00000018 FF1FFO6F done: i done

L\ /' s agpmey
- Index Name  Value
y 4, Zero

X1 ra
x5 to
X 8 S @ . ALUResult

X9 sl



Simple, Single-Cycle PIQC N CAamniitar

ldentify items that are part of the

PCNext

CLK
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Control
Unit

op
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funct7,

PCSrc

ResultSrc

MemWrite
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ALUSrc
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Zero

'RegWrite

“propagation delay” of an instruction.
(Estimate upper bound that needs to be
used to determine clock cycle)
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File
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Describe behavior of all elements and any

S i m p I e, S i n g Ie-CyCIe required control signals for

add t0,t1,t1

Y

PCSrc
ResultSrc
MemWrite
op ALUControIm

funct3 |ALUSrc
funct75 Imercm

Zero |RegWrite

Control
Unit

CLK

SrcA Zero

N
PCNext | pc
I A <0 q ALUResult ReadData
Instruction :
Memory , r
. 1 . -
D3 Register WriteData
I File




Describe behavior of all elements and any
required control signals for

Simple, Single'cyCIe beq t0,zero,loop

(Assume t0 is O)

)
PCSrc

ResultSrc
MemWrite
op ALUControIm

funct3 [ALUSrc
fu I"IC1Z75 Imm Src1 0

Zero  |RegWrite

Control
Unit

CLK

SrcA Zero

N
PCNext | pc
I A <0 q ALUResult ReadData
Instruction :
Memory , r
. 1 . -
D3 Register WriteData
I File




Describe behavior of all elements and any
required control signals for

Simple, Single-Cycle | e

SEER

PCSrc
ResultSrc

MemWrite
op ALUControIm

funct3 [ALUSrc
fu I"IC1Z75 Imm Src1 0

Zero  |RegWrite

Control
Unit

CLK
Zero

PCNext |
ALUResult ReadData

Instruction :
Memory | r
WD3 Reg| ster WriteData

File

PCTarget




Describe behavior of all elements and any
required control signals for

Simple, Single-Cycle | el

SEER

PCSrc
ResultSrc

MemWrite
op ALUControIm

funct3 [ALUSrc
fu I"IC1Z75 Imm Src1 0

Zero  |RegWrite

Control
Unit

CLK
Zero

PCNext |
ALUResult ReadData

Instruction :
Memory | r
WD3 Reg| ster WriteData

File

PCTarget




Simple Sinanla.-Cycle: Inefficient!

Consider:

add tO, t0, t1 —
add t2, t3, t4 Ex: Once operation is
done, sits “idle”

. 00 = L u 2..9
2 funct3 |ALUST Through memory, clock,

funct?, ImmSrc, . :
Zero  |Regiifite } fetch, decode, retrieve of
regs.

CLK
N
PCNext [V : SrcA 9|
ReadData
Instruction : A RD
Memory | r
D3 Register WriteData

File

I PCTarget




Simple, Single-Cycle PIQC N CAamniitar

Consider a sequence of instructions:
0 add t1,12,t3

PCSrc

Control ResultSrc IW t4, O(Sp)

Unit
MemWrite
op ALUControIm

funct3 |ALUSrc
funct?, | ImmSrc

1.0

Zero  |RegWrite

CLK

Zero

N
PCNext | pc A RD
q ALUResult ReadData
Instruction :
Memory , r -
: 1 |
Register WriteData

I WD3 "File




Simple, Single-Cycle PIQC N CAamniitar

Consider a sequence of instructions:

CLK

0 add t1,12,13

PCSrc

Control ResultSrc IW t4 3 O (Sp)

Unit
MemWrite
op ALUControIm

funct3 |ALUSrc
fu I"ICt?5 |mmS|"(;‘I 0

Zero  |RegWrite
./

CLK

V& Rp1 BliE Zero
. - ALUResult ReadData

Parts are “ldle” (done with their role in the
instruction) most of the time.
This is inefticient!



Simple, Single-Cycle: Inefficient!

SR

PCSrc
ResultSrc
MemWrite
op ALUControIm

funct3 |ALUSrc
fu I"IC1Z75 ImmSrc

Control
Unit

1.0

Zero  |RegWrite

CLK

SrcA Zero

N
PCNext | |pc
Instruction :
Memory . r -
: 1 |
WD3 Register WriteData

File




Simple, Single-Cycle: Inefficient!

MY

PCSrc
ResultSrc

MemWrite
op ALUControIm

funct3 |ALUSrc
fu nCt75 Imm Src1 9

Zero | RegWrite

e Memory

Control
Unit

CLK

PCNext [ - Zero
ALUResult ReadData
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Instruction
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File

PCTarget




Simple, Single-Cycle RISC-V Computer

Y

PCSrc
ResultSrc
MemWrite
op ALUControIzm
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ycle RISC-V Computer

CLK

e

PCWrite
AdrSrc

MemWrite
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op ALUSICcA, ,
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rocess

S0: Fetch

AdrSrc =0 S1: Decode

IRWrite ALUSTIrcA = 01
ALUSrcA =00 ALUSrcB = 01

ALUSrcB =10 ALUOp = 00
ALUOp =00
ResultSrc = 10
PCUpdate

op = 0000011 (1w) op = op = op = 2
OR 0110011 0010011 1101111 °P1; St
op = 0100011 (sw) (R-type) (I-type ALU) (jal) (beq)

S9: JAL S$10: BEQ
S2: MemAdr S6: ExecuteR S8: Executel ALUSTrcA = 01 ALUSrcA =10
ALUSrcA= 10 ALUSrcA =10 ALUSrcA=10 ALUSIcB = 10 ALUSrcB = 00
ALUSrcB = 01 ALUSrcB =00 ALUSrcB = 01 ALUOp =00 ALUOp = 01
ALUOp =00 ALUOp =10 ALUOp =10 ResultSrc = 00 ResultSrc = 00
PCUpdate Branch

op= op =
0000011 0100011
(1w) (sw)

: S5: MemWrite :
S3: MemRead ResultSre = 00 S7: ALUWB

ResultSrc = 00 AdrSre = 1 ResultSrc = 00

AdrSrc = 1 MemWrite RegWrite

S4: MemWB
ResultSrc = 01
RegWrite




Pros/Cons of Multi-Cycle

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

- A little more complex



rocess

S0: Fetch

AdrSrc =0 S1: Decode

IRWrite ALUSTIrcA = 01
ALUSrcA =00 ALUSrcB = 01

ALUSrcB =10 ALUOp = 00
ALUOp =00
ResultSrc = 10
PCUpdate

op = 0000011 (1w) op = op = op = 2
OR 0110011 0010011 1101111 °P1; St
op = 0100011 (sw) (R-type) (I-type ALU) (jal) (beq)

S9: JAL S$10: BEQ
S2: MemAdr S6: ExecuteR S8: Executel ALUSTrcA = 01 ALUSrcA =10
ALUSrcA= 10 ALUSrcA =10 ALUSrcA=10 ALUSIcB = 10 ALUSrcB = 00
ALUSrcB = 01 ALUSrcB =00 ALUSrcB = 01 ALUOp =00 ALUOp = 01
ALUOp =00 ALUOp =10 ALUOp =10 ResultSrc = 00 ResultSrc = 00
PCUpdate Branch

op= op =
0000011 0100011
(1w) (sw)

: S5: MemWrite :
S3: MemRead ResultSre = 00 S7: ALUWB

ResultSrc = 00 AdrSre = 1 ResultSrc = 00

AdrSrc = 1 MemWrite RegWrite

S4: MemWB
ResultSrc = 01
RegWrite




Process: Hw 3B & 4B - Washer

S0: Start

AdrSrc =0 S1: Soap

IRWrite ALUSrcA = 01
ALUSrcA =00 ALUSrcB = 01

ALUSrcB =10 ALUOp =00
ALUOp =00
ResultSrc = 10

op = 0000011 (1w) op= op = oD =
OR 0110011 0010011 P 100011
op = 0100011 (sw) (R-type) (I-type ALU) (beq)

S10:
S8: Power AntiSpot
Warm ALUSrcA =10
ALUSrcA=10 ALUSrcB = 00
ALUSrcB = 01 ALUOp = 01
ALUOp =10 ResultSrc = 00
Branch

S2: Warm S6: Power Cold
ALUSrcA=10 ALUSrcA =10
ALUSrcB = 01 ALUSrcB =00

ALUOp = 00 ALUOp = 10

op = op =
0000011 0100011
(1w) (sw)

S3: Air Dry S5: Extra Hot S7: UV Sanitize
i ResultSrc = 00 i
ResultSrc = 00 B ResultSrc = 00
AdrSrc = 1 gaecial RegWrite
[DIC S MemWrite 9

S4: Power UV
ResultSrc = 01
RegWrite




EX: add t0,t1,t2

CLK

e

PCWrite
AdrSrc
MemWrite
IRWrite ResultSrc, .,
ALUControl, o
ALUSrcB, ,
op ALUSICcA, ,
funct3 |ImmSre,

funct?s | RegWrite

Zero
\______/

CLK
| |
N WE CLK

PCNext r RD Al RD1 @I
A ALUResult ALUOut

A2 RD2 i ‘

m
Z

Instr / Data
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A3  Register
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Reset v

S0: Fetch - ' |
X: add t0,t1,t2
IRWrite -
ALUSrcA =00 ’ ’
ALUSrCB =10 S
ALUOp = 00 ~
ResultSrc = 10 PCWrite
CUpdat AdrSIC e ontrol
= MemWrite| Unit
IRWrite ResultSrc,
ALUControl, o
= ALUSrcB, ,
' op ALUSIcA, ,
14:12
- funct3 |ImmSre,
funct?; 2 egWrite
Zero
Zero
CII_K
~loldPC
CLK CITK C'LK ek
F& N WE 19:15 Rs1 ;\1/ WE3 RD1 __<5 A e
PCNext PCI I3 Agr RD il ALUResult ﬁALUOt m
|:|_EN 1 A j—EN 24:20 Rs2 = o [l
Instr / Data - A2 RD2 ‘ _I o
Memory 2 11:7 Rd . :E' 1
il | 0 A3 Register o
9 wp3 File &
S QL
CLK
31:7 [ Extend ImmExt
Data I
Result




S1: Decode
ALUSrcA = 01
ALUSrcB = 01

Ex: add t0,t1,t2

ALUOp =00
CLK
PCWrite
AdrSIC | ontrol
MemWrite | Unit
IRWrite ResultSrc, .,
ALUControl, o
. ALUSrcB, ,
: op ALUSrcA, ,
;::12 funct3 |ImmSre,
funct7, RegWrite
Zero
\________/
Zero
CITK
~|oidPC
F& N WE 19:15 Rs1 ~ WE3 % A i
pcNext | |] Pc ’6] RD st " T ﬁ
N 1 - . N ALUResult ALUOut "5“5
! - 24:20 Rs2
Instr / Data A2 RD2 ‘ _I iy
Memory Z 1.7 Rd = .
. 3 A3 Register )
g wD3 File g
D Q
CLK
31:7 r Extend ImmExt
Data
Result




op =
0110011
(R-type)

S6: ExecuteR
ALUSrcA =10
ALUSrcB =00

Ex: add t0,t1,t2

PCWrite
AdrSIC | ontrol
MemWrite | Unit
IRWrite ResultSrc, .,
ALUControl, o
. ALUSrcB, ,
: op ALUSrcA, ,
;::12 funct3 |ImmSre,
funct7, RegWrite
Zero
\________/
Zero
CITK
~|oidPC
F& N WE 19:15 Rs1 ~ WE3 % A i
pcNext | |] Pc ’6] RD st " T ﬁ
N 1 - . N ALUResult ALUOut "5“5
! - 24:20 Rs2
Instr / Data A2 RD2 ‘ _I iy
Memory Z 1.7 Rd = .
. 3 A3 Register )
g wD3 File g
D Q
CLK
31:7 r Extend ImmExt
Data
Result




S7: ALUWB - »
ResultSrc = 00 x a
RegWrite = / “
CLK
PCWrite
AdrSIC | ontrol
MemWrite | Unit
IRWrite ResultSrc, .,
ALUControl, o
. ALUSrcB, ,
: op ALUSrcA, ,
;::12 funct3 |ImmSre,
funct7, RegWrite
Zero
\________/
Zero
CII_K
~|oidPC
s CLK CLK
.- | ' ]
F& N WE 19:15 Rs1 ~ WE3 A i
pcNext| [ pc ’6] RD st " T ﬁ
N 1 - . N ALUResult ALUOut "5“5
! - 24:20 Rs2
Instr / Data A2 RD2 ‘ _I iy
Memory EE’ 11:7 Rd . :E' :
. 3 A3 Register )
5 wp3 File 5
D Q
CLK
31:7 [ Extend ImmExt
Data I
Result




Questions

Do all prgcessors generally look the same in concept as the one in the RISC-V book or is that uniquely for RISC-V
systems*

When is single-cycle actually better than multi- or pipelined (for tiny designs or low power)?

One question | still have is how the control unit decides which exact control signals to generate for each instruction
type. | understand that decoding happens based on the instruction bits, but I'm not fully sure how those bits map to
all the different components in the datapath. It would help to see a more detailed example of decoding step-by-step.

How important is it to understand the actual circuit construction of each of the microarchitectures covered in this
reading? Or is it just important to understand what they do and how their performances differ from one another?

What is the big picture of how we are incorporating what we have learned from the Verilog and RISC-V topics?
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