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This week

* Homework 7A posted - due by 11:59pm Monday
* Thursday: Studio

* Next Tuesday: Course & Exam Review



Studio Review

e Control Signals...
* jal encoding / impact

* riscvsingle.sv



Questions

* riscvsingle.sv: How much of the FPGA does it take?

It’'s NOT optimized for space or speed!

Completed Hw7a model with I/0 support takes about 75% of the ~5k LUTs (3970/5280)

16/30 Block RAM (Can be initialized)

0/4 SRAM

Running at 6MHz, could be increased to 7MHz as-is

* ~48MHz possible with other designs / effort



Questions

* riscvsingle.sv: How much of the FPGA does it take?
 75% is a lot...may not be able to get much more

e But: It’'s NOT optimized for space or speed!



Chapter 7



Simple, Slngle-CycIe RISk

PAC

nGthat are part gif the

(Estimate upper bound that needs to be
used to determine clock cycle)

t0,4,(a0)

ImmExt

xten

Resu‘Src (‘.nneirlnr- T 1A
T ITUT AT s L= Al
MemVgrite
ALUCagntrol,,,
ALUSId
ImmSra
| RegWri
F‘
‘K
WE3 [~ WE
A1 R SrcA Z ;
)
- >é ALWResult x‘ A RD
A2 R 0 |SrcB Data
A3 1 iteDat .| Memory
Register | rtebata
’WD3 File D
PCT: t
S arge

ReadData

+ tg Fgm ResuItH tpregs



Consider Performance (prop delay)
of Parts

Consider: add Consider: or Consider: sw Consider: 1w

As B3 A2 B2 A1 B1 Ao Bo

[V
U |
U |

L ! v e
Al T RO = Sl |l | | g 7 y
—<— A2 RD2 —3? adder adder adder adder
—<— A3 3 2 1 Slo |
37

. v Y \ A ]
WD3 Reg_lster P393 C3 P202 C2 P10l Cp
File <

0
Ca 4-bit carry look-ahead PG GG % M

Data

(@]
©

S
Q




en adders are “working”

Simple, Single-Cycle RISC-V Computer
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en adders are “working”

Simple, Single-Cycle RISC-V Computer
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Architectures

* Harvard Architecture
* Fixed program?
* Not so uncommon: Car, appliances, small electronics

* Questions: Are single-cycle things used? Yes.

¢ von Neumann

* General purpose: Magic of being able to change programs easily

* Programs (operating sys) can change program: “Computer” , tablets, phones, ...


https://en.wikipedia.org/wiki/Harvard_architecture
https://en.wikipedia.org/wiki/Von_Neumann_architecture

von Neumann

 John von Neumann
 Knew 8 languages

e “could attend parties until the early hours of the morning and then deliver a
lecture at 8:30”

* Quotes...


https://en.wikipedia.org/wiki/John_von_Neumann
https://en.wikiquote.org/wiki/John_von_Neumann
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MuIti-CycIeaBISC-V Computer

PCWrite
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Process

Reset

S0: Fetch
AdrSrc =0
IRWrite
ALUSrcA =00
ALUSrcB =10
ALUOp = 00
ResultSrc = 10

S1: Decode
ALUSTIcA = 01
ALUSIcB = 01
ALUOp = 00

op=
0110011
(R-type)

op=
1101111
(jal)

op = 0000011 (1w) op =
OR ”

1100011

(beq)

$10: BEQ
ALUSrcA = 10

op =
0010011
(I-type ALU)

op = 0100011 (sw)

S9: JAL
ALUSrcA =01

S$2: MemAdr S6: ExecuteR S8: Executel

ALUSrcA=10 ALUSrcA=10 ALUSrcA=10 ALUSrcB = 10 ALUSrcB = 00
ALUSrcB =01 ALUSrcB =00 ALUSIcB = 01 ALUOp =00 ALUOp =01
ALUOp =00 ALUOp =10 ALUOp =10 ResultSrc = 00 ResultSrc = 00

PCUpdate Branch

S5: MemWrite

S$3: MemRead S7: ALUWB

ResultSrc = 00 ResultSrc = 00 ResultSrc = 00
AdrSrc = 1 AdrSre = 1 RegWrite
MemWrite 9

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



Questions: What do you think
homework...

* ...hope we don’t have to make the confusing state
machine...



Good news!



Process

Reset

S0: Fetch
AdrSrc =0
IRWrite
ALUSrcA =00
ALUSrcB =10
ALUOp = 00
ResultSrc = 10

S1: Decode
ALUSTIcA = 01
ALUSIcB = 01
ALUOp = 00

op=
0110011
(R-type)

op=
1101111
(jal)

op = 0000011 (1w) op =
OR ”

1100011

(beq)

$10: BEQ
ALUSrcA = 10

op =
0010011
(I-type ALU)

op = 0100011 (sw)

S9: JAL
ALUSrcA =01

S$2: MemAdr S6: ExecuteR S8: Executel

ALUSrcA=10 ALUSrcA=10 ALUSrcA=10 ALUSrcB = 10 ALUSrcB = 00
ALUSrcB =01 ALUSrcB =00 ALUSIcB = 01 ALUOp =00 ALUOp =01
ALUOp =00 ALUOp =10 ALUOp =10 ResultSrc = 00 ResultSrc = 00

PCUpdate Branch

S5: MemWrite

S$3: MemRead S7: ALUWB

ResultSrc = 00 ResultSrc = 00 ResultSrc = 00
AdrSrc = 1 AdrSre = 1 RegWrite
MemWrite 9

S4: MemWB
ResultSrc = 01

RegWrite




Already have - it’s a Washer.
Hw 3B & 4B

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 =
0110011
(R-type)

(o] =
1100011
(beq)

op =
0010011

OR
op = 0100011 (sw) (I-type ALU)

$10:
S2: Warm S8: Power AntlSp_ot
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ALUSIGA = 10 ALUSIGA = 10
- - ALUSICA = 10 ALUSIGB = 00
ALUSTGB = 01 ALUSTGB = 00
ALUOD = 00 ALUOD = 10 ALUSIGB = 01 ALUOp = 01
p= p= ALUOp = 10 ResultSrc = 00

Branch

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

S3: Air Dry
ResultSrc = 00
AdrSrc =1

S§7: UV Sanitize
ResultSrc = 00
RegWrite

S4: Power UV
ResultSrc = 01
RegWrite




Reset v
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op=
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(beq)
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» 3-5 clock cycles

 Some instructions
may be faster

ruction Times

Reset *

S0: Fetch

AdrSrc =0 S1: Decode
IRWrite ALUSIcA = 01
ALUSrcA =00 ALUSIcB =01
ALUSrcB =10 ALUOp =00
ALUOp = 00
ResultSrc = 10

PCUpdate
op = 0000011 (1w)
OR

o =
1100011
(beq)

$10: BEQ

p=
1101111
(3a1)

op=
0010011

op = 0100011 (sw) (I-type ALU)

S§9: JAL

S$2: MemAdr S$6: ExecuteR S8: Executel ALUSrcA = 01 ALUSIcA = 10
ALUSrcA=10 ALUSrcA=10 ALUSrcA=10 ALUSrcB = 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

S$5: MemWrite
ResultSrc = 00
AdrSrc =1
MemWrite

S§3: MemRead
ResultSrc = 00
AdrSrc =1

S7: ALUWB
ResultSrc = 00
RegWrite

S4: MemWB
ResultSrc = 01

RegWrite



Next Improvement: Pipelines



Laundry

Laundry machines

» Washer takes 30 minutes

e Dryer takes 1 hour (ugh)

How long does it take to do 1 load of laundry all the way through?
What about 2 loads?

What’s the approx. average for 50 loads of laundry?

What if I'm doing 12 loads of laundry and put something in on load 4 that | really need?



A Pipeline / Factory

* My career: Develop Medical Equipment

e Along with....
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Customer Order

* Body style / size
* “Flair” (style and color)

* Body shape



Process

2. Slide bin down line to “assembler”.
3. Slide down to cleaner

4. Slide down to packer

5.Move to shipping



Registers:
Between stages;

Like the parts bin (hold parts fcﬁr-kﬂeli@ag1 QQEU Each Stage Each Stage

but parts move, not bins
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Instruction Time

e Clock = Still controlled by slowest part
* Average instructions per clock = 1 cycle though!

 Significant improvement over prior...



Next Time

e Studio!



