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Putting Scaling in Perspective

Compilers 8% ‘ o
e Integration of System Components

Power Management 15% Micro-Architectural Efficiency

Microarchitecture 17% Software

Additional Die Size 12% > = More Silicon Power

Additional TOP 8% ) = BiggerDie

Process Technology 40%

HIGHER PERFORMANCE, DENSER, LOWER
POWER TRANSISTORS

Performance gains
over the past decade

10/7rm

Lisa Su, HotChips’19 keynote
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Power

and Performance Trends

50 Years of Microprocessor Trend Data

/
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Qlukotun, L. Hammond, and C. Batten
Mew plot and data collected for 2010-2021 by K. Rupp
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Cost Of Developing New Products

$580M
542.2M
s Source: IBS
. Validation
Prototype

£435M
J:
[} Software
=
E‘ $297.8M

= .
B
(]
g

— Physi
$174.4M
£145M | | Verificati
$106.3M - enfication
$70.3M
51.3M
$28.5M $37.7M $ -_— Architecture
%0 iE m | | IP Qualification
M T T T T T T

65nm 40nm 28nm 22nm 16nm 10nm nm anm

®* These are non-recurring (NRE) costs, need to be amortized over the lifetime
of a product

®* We will attempt to dismantle this...
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Major Roadblocks

1. Managing complexity
How to design a 100 billion transistor chip?
And what to use all these transistors for?

2. Cost of integrated circuits is increasing
It takes >>$10M to design a chip
Mask costs are many $M in 5nm technology
Wafer costs are increasing (~20k)

3. Power as a limiting factor
End of frequency scaling
Dealing with power, leakages

4. Robustness issues
Variations, SRAM, memory, soft errors, signal integrity

5. The interconnect problem




Assigned Reading O/

On an SoC generator (

* A. Amid, et al, “Chipyard: Integrated design, simulation, and implementation framework for custom
SoCs,” |IEEE Micro, 2020.

On transistor models (in about 2 weeks):

® R.H. Dennard et al, “Design of ion-implanted MOSFET's with very small physical dimensions” IEEE
Journal of Solid-State Circuits, April 1974.

® Just the scaling principles

® C.G. Sodini, P.-K. Ko, J.L. Moll, "The effect of high fields on MOS device and circuit performance,” |EEE
Trans. on Electron Devices, vol. 31, no. 10, pp. 1386 - 1393, Oct. 1984.

® K.-Y. Toh, P.-K. Ko, R.G. Meyer, "An engineering model for short-channel MOS devices" IEEE Journal of
Solid-State Circuits, vol. 23, no. 4, pp. 250-958, Aug. 1988.

* T. Sakurai, A.R. Newton, "Alpha-power law MOSFET model and its applications to CMOS inverter
delay and other formulas," IEEE Journal of Solid-State Circuits, vol. 25, no. 2, pp. 584 - 594, April
1990.



Lecture Outline

®* SoC generator: Chipyard

® Great for class (and other) projects
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RISC-V Processor Core
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RISC-V Core

=5
DataD
————— \
PC > addr ‘ AddrD >
inst = »JAddrA DataAf -~ Branc > DataB
> AddrB  patag L _LJComp =»1 addr

clk N
IMEM Reg[] A &> I"DMEM
Ik 1 _+
|c ‘ m clk
Forwarding
control logic

® Everyone has seen (or possibly designed) a 5-stage RISC-V (RV32l) core

* Needs memory (cache/scratchpad), co-processors, peripherals




Rocket In-Order Core

PC IF ID EX MEM WB
PC [TCB ][] (ntRF] [ | [DTLB] [ To ROCC
Int.EX —r— Commit =
Gen IS Inst D$ Accelerator
Access Decode | |al [al [Access | |al
® First open-source RISC-V CPU ] I N
FP.RF FP.EX1 FP.EX2 FP.EX3
* Designed as a Chisel generator Il lal lal

® In-order, single-issue RV64GC core
® Floating-point via Berkeley hardfloat library
®* RISC-V Compressed
® Physical Memory Protection (PMP) standard

® Supervisor ISA and Virtual Memory

Boots Linux

Supports Rocket Chip Coprocessor (RoCC) interface

L1 1$ and D$

® Caches can be configured as scratchpads
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Inside Rocket /

® Front-end Instruction
. . s51_pc CﬂCl’le
® Fetches instructions
4 52_pc
from I$ :—é pepd cpureq | stall .
predicted_pc | $1 pe
» BTB >
>
| cpupc | s2_pc
. RAS E‘; miss |
5 |
predicted_npc I vpn
»| BHT | TLB
| ppn
|

>
g
@

» If miss, trigger refill

! 773

——+—>» cpuresp.data
| | (instruction)
A ol |

| |

-
w
t
b

https://www.cl.cam.ac.uk /~jrrk2 /docs /tagged-memory-v0.1 /rocket-core /
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Rocket Pipeline

®* 1x integer ALU/IMUL/IDIV + optional FPU

 inst

i

dmem_resp

fpu toint_data

store_data

fromint_data

L}x_rcg_ptj_l

~

mem_reg _pc |

Core Pipeline

P 3201

id
= h’—|—| rh— wh_reg_rs2
mem_reg_rs2 4 0
| | Coprocessor
bypass v L
| — hr »  rocc |e
) . —
Id_addy {L’]L g me mlr'eg_wdara N | rocc.resp.data
. ex_rs(0]
RegFile ex_rs(1) i ’| /b » ™
: o + L
id_addr(1) e | P -
L— g v 'wh_rs:g_wdara g. 'E
. wm 1]
| bypass mm 3 | | 2 B |
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| B | | = =9
Imm a B =
| F 3 EK_FS{[]:I | ﬁ = ! > Dca c'hEl i pc r:ﬂ.’d ata
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I :,& ! . per
= P L
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MulDiv
e I I I
L—I exreg inst l’—'_'rlr'u::t'n_t'r:g_'rn.sr k'—1.!.'I_\u_r'L}g_l'nst
Decode | Execute | Memory | Write Back
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Data Cache

® L1 cache

mem.finish mem.req mem.grant mem.probe
o s X L R )
| I
| = [WriteHa: b |
| =3 S |_ meta/data read |
| = n 0 )
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I |g L | (= - K I
! rocket /mbdcache scala s
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To Build an SoC

® Processor cores (Rocket, BOOM, ...)

®* Memory system (w/ coherence protocol)

® Interconnect (TileLink)

® Custom blocks (e.g. communication, imaging)

® Standard peripheral devices
* JTAG
* SPI
*12C
® BootROM
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Chipyard: SoC Generator
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There is a Lot of Open-Source Stuff!

® Many open source components:

Chisel

BOOM Core

FIRRTL

RISC-V

Rocket Core

Diplomacy

FireSim

TileLink

Accelerators

Caches

Configuration
System

Peripherals

BAG

HAMMER

Goal: Make it easy for small teams to
design, integrate, simulate,

validate workload performance and tape-out a custom SoC



Chipyard

Chipyard
Tooling Rocket Chip Flows
Generators
Chisel Diplomacy FireSim
Rocket Core BOOM Core
FIRRTL Configuration HAMMER
System
Accelerators TileLink
Software RTL
RISC-V Simulation
_______ Caches Peripherals
|
| BAG 1] || == = = = == o= o= = = = = =
I BAG Modules




What is Rocket Chip?

® A highly parameterizable SoC generator
* Replace default Rocket core w/ your own core
®* Add your own coprocessor

®* Add your own SoC IP to uncore

® A library of reusable SoC components
®* Memory protocol converters
® Arbiters and Crossbar generators

® Clock-crossings and asynchronous queues

® The largest open-source Chisel codebase

® Scala allows advanced generator features

® Developed at Berkeley, now maintained by many
* SiFive, CHIPS Alliance, UC Berkeley

EECS251B LO2 CHIPYARD

In industry: SiFive Freedom E310
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Structure of a Rocket Chip SoC

RocketTile RocketTile| | | AX Tiles: unit of replication for a core
Master
Rocket [ PTW || || Rocket (> P1|W l * CPU (Rocket, BOOM, Ariane)
Yy vy "
L1l L1D L1l L}ID_ ALt * L1 Caches
i ! ¥
TileBus TileBus * que-fdble quker
vy L2 banks:
FrontBus .
=== * Receive memory requests
SYEEEE | FroniBus:
* [ ]
2 || 2 ControlBus * Connects to DMA devices
Bank Bank v v v v .
Y Y BootROM || PLIC || CLINT || Debug - ControlBus:
MemoryBus | unic_j« * Connects to core-complex devices
rr‘cﬁpilcr_yau:.: ' °
I I ymc PeripheryBus:
UL s i TLtoAXI| | Other * Connects to other devices
' v
A AX] SystemBus:
M Slave . .
all - * Ties everything together
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BOOM: The Berkeley Out-of-Order Machine

® Superscalar RISC-V OoO core

® Fully integrated in Rocket Chip ecosystem
®* Open-source

® Described in Chisel

®* Parameterizable generator

®* Taped-out (BROOM; VLSI'1 8)

* Updated: https://boom-core.org/ BOOMTile RocketTile M’Q?t'er
soom > pTw ||l Rocket | PTW
® Full Rv64GC ISA support ) = =1 Ax|lt0
_ L1l L1D L1l L1D T
®* FP, RVC, Atomics, PMPs, VM, Breakpoints, RoCC ) 1 ) )
® Runs real OS’s, software Tlesus Tlesus
Y
® Drop-in replacement for Rocket Fr°"fB”S
SystemBus

| ! 1 I
EECS251B LO2 CHIPYARD Nikoli¢, Spring 2024 20



https://www.hotchips.org/hc30/1conf/1.03_Berkeley_BROOM_HC30.Berkeley.Celio.v02.pdf
https://boom-core.org/

BOOM Microarchitecture

Front End

ICache TLB*

ICache Tags*

BOOM Core

(““Mega” configuration)

BTB*
(1-cycle redirect)

GShare* BPU

(3-cycle redirect)

Return Address Stack
{RAS)

Instruct
Inst Inst
Inst
Decoder

S sasm v wum)

Front End

Instruction
Cache Tag

L1 Instruction Cache

HOP Cache

Tag

32KiB 8-Way

Instruction
TLB

Branch
Predictor
(BPU)

16 Bytes/cycle

Instruction Fetch & PreDecode
(16 B window)

MoP MOP mop MOP MoP

Mop

Instruction Queue
(40, 2x20 entries)

MOP MoP MoP MO MOoP

|
P

MicroCode
Seguencer
ROM
(MS ROM)

Decoded Siregg Buiie

4-Way Decode

Complex Simple Simple Simple
Decoder Decoder Decoder Decoder
OP nOP uoP

1-4 uOP: u

4 HOPs

Stack Engine
(SE)

Intel SandyBridge™

£

Rename / Allocate / Retirement
ReOrder Buffer (168 entries)

Zeroing Idioms

GIM?ZS

iy HoP HoP HoP uoP HOP uoP
ot h:ege-:g;s::: Register Fie T Rﬁifc:ﬁ:"fghhw = Vecor Physical Register File g
Jisters) P (148 Registers) cl &r
Store { 3 =
[Pome | [ Poi | [ Pots | [ Po2 | [ Po3 | | Porid 2 E:iQ
uoP uoP poP HOP HOP HoP g)' ® o
=
o =@
m
NT ALU INT ALU INTALU | [ AGU | [ AGU | [StoreData &
INT DIV [ INT MUL Vect Shuffle Load Data Load Data
[INT Vect ALU | [INT Vect ALU | [INT Vect ALU
INT Vect MUL| |__FP ADD Branch 128biteycle
FP MUL
EP DIV EUs
Vect Shuifle
Execution .
- lore Buffer orwarding
(64 entries)

168icycle 158ieycie

L1 Data Cache
32KiB 8-Way

16Bleyele

Data TLB

Memory Subsystem

Line Fill Buffers (LFB)
(10 entries)

spAdaze

328/cycle

Tol3

/

Branch Predictor | Retumn
(BPU) stack

L1 Instruction Cache

NanoBTB (16-entry) 64 KiB 4-Way Instruction TLB
MicroBTB (64-antry) (48-entry)
Main BTB (6K) 16 Bytes/cycle
| Instruction Fetch ‘
4-8 Instructions/cycle
w
N
Decode Queue =)
Front (16 x 32b) | ~ b}
E nd Inst Inst Inst Inst %
4-Way Decode

|Deccder | | Deccder] | Decuder] | Decoder |

MOP MOP

MOP

MOP

]
&)
o
ARM A76* &
=
B (9] MSHR
n (46-entr
z a To L
[e]
o= =5
o o
[ Issue (120-entry) ] s
T T T o = T T T >
== == pemey || _tgmn | | ey || odeem | =
[ Port | [ Pot ] [ Port | [ Port | [ Pot | [ Port ] [ Port | [ Port ]
norP HOP HOP norP norP norP HOP norP
g[Branch] [AW | [AW ] ALU ALU ALU [CaGu] [CaGu ] w
g MAC | 2 [TFADD FADD w N
= DV | 3 [FMUL| [FMUC @ NP
< [Fov @, 2
~<
EUs IMAC LSuU A 8
Load Buffer Store Buifer < )
(6&-entry) (72-entry) %
= = = 4 5
Execution Engine Y %,
Dy, Sy, d
Data TLB EE
L1 Data Cache |@as-enry)
: g
64 KiB 4-Way

*Block diagram from WikiChip



Saturn-V Vector Core /

® Implements the RV vectorextension 1.0 {

* Support generating implementations with precise-traps/virtual-memory
®* Full coverage for indexed/strided /segmented memory instructions

* Full coverage of integer/fixed-point/float-point

® Extensible

A
Vector

* Support easily adding new instructions, specialized for {DSP/ML/sparsity /etc.}  vectorLipsaccess | memory bus access

®* Support extending to new data-types y

ESLES e
® Parameterized generator A

MLB check
® Support combinations of VLEN+DLEN
) {'7_.@ .
® Support different memory interfaces (L1 vs bus access)
®* Generate implementations across multiple design points VErontCheck VBackend

® Should be easy to schedule kernels

EECS251B LO2 CHIPYARD Nikoli¢, Spring 2024 22



RoCC Accelerators

® RoCC: Rocket Chip Coprocessor

® Execute custom RISC-V instructions for a custom

xtension
%l S2?24 2019 1514 13 12 11 7 6 0
funct rs2 | rsl | xd | xsl|xs2| rd | opcode

7 5 5 1 1 1 5 7

®* Examples of RoCC accelerators
® Vector accelerators
®* Memcpy accelerator

® Machine-learning accelerators (Gemmini, NVDLA)

* See the second part of the tutoriall

®* Java GC accelerator

Tile

inst
‘ BOOM /Rocket ‘ wb

TLBs

‘ L11$ ‘

Decoupled
RoCC
Accelerator

—

I SystemBus
(4 $ §
Core
L2 Peripheral
Complex eripherals




Gemmini:

° . Tile O //Cj) im2col
Systolic Array Accelerator Rocket Core — '
Branch Prediction %‘l Transpos
® Fully configurabl - =
U y Con |gurC| e RF FPU ROCC CaCfE} ESystolicArray%
* Dataflow — Output/Weight Stationary | | & " Co-Processors DEE ]
[ Z) v
* Dimensions ] [t ) S~
v4A v [TT ]
Y ° ° - < T Pooling
Bitwidths /Datatypes At o, I —
® Pipeline Depth
[ ) Memory CCIpCICiTy TileLink2 Crossbar
| A
®* Memory banking he e Shared L2 Cache ITAG

® Memory Bus Width

https:/ /www.github.com /ucb-bar/gemmini

A Systolic Generator

TileLink/AXI bridge




L2 Cache and Memory System

®* Multi-bank shared L2

® SiFive’s open-source |IP
® Fully coherent
® Configurable size, associativity

* Supports atomics, prefetch hints

® Non-caching L2 Broadcast Hub
® Coherence w/o caching

® Bufferless design

® Multi-channel memory system

® Conversion to AXl4 for compatible DRAM controllers

EECS251B LO2 CHIPYARD

i i

L2 L2
Bank Bank

! !

MemoryBuvs

|

TL to AXI

:

AXI
Mem
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Core Complex Devices

® BootROM

® First-stage bootloader

® DeviceTree

* PLIC
® CLINT

* Software interrupts

® Timer interrupts

®* Debug Unit
* DMI
* JTAG

EECS251B LO2 CHIPYARD

v ¥

FrontBus

¥

SystemBus

!

ControlBus

v

v

v

v

BootROM

PLIC

CLINT (| Debug

Unit

PeripheryBus

l

l

JTAG
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Other Chipyard Blocks O/

(

* Hardfloat: Parameterized Chisel generators for hardware floating-point units

® lceNet: Custom NIC for FireSim simulations

® SiFive-Blocks: Open-sourced Chisel peripherals

* GPIO, SPI, UART, etc.

* TestchiplP: Berkeley utilities for chip testing/bringup
® Tethered serial interface

®* Simulated block device

® SHA3: Educational SHA3 RoCC accelerator



Building Heterogeneous Systems

® Constellation: Open-source NoC generator

Parameter RTL Simple Network Protocol-level Chipyard SoC Full-system
NoC Parameters > Validation Generators | noe.v EvalHarness Interfaces || Testing ™| Generator || evaluation of NoC
)
"Logical Soec | P T i TileLink | | [TileLink !
Logical Spec ! | ; lie v Hiekin .
.+ Flows | [rReueRle | mBhamnel ) et | RendomTaiel |7 NetworklF 1 [~ FuzzTester |
|- Endpoints | T CTTTT T TAxEa | TAYIEATTTTTT :
!::E—_B_—IE—:_—_—_J | No | Switch | module node_1 | NetraceTraffic | QXI 4 WE | A, !
Physical Spec : deadlock T T |NetworklE 1+~ 1FuzzTester
- Topology | '
| VCAllocator
™ - UArch : .| No protocol _IL _______ :
: - Channels | deadlock L 64

: Routing Spec

1- Allocation
: - Arbitration

| - Routing policy

—_

—

Example generated NoCs

https: / /github.com /ucb-bar /constellation

J. Zhao, N6 CArcd22-1PYARD

LLC
Bank 1

im im im im
Scratch [ 64| GPU (64| GPU |64
SRAM Core 2 Core 3 ©
im im im im
DRAM |64| GPU |64| GPU |64| DRAM
Chan. 0 ™ Core 4 Core 5 Chan. 1

LLC
Bank 1

DRAM
Chan. 0

2x64b

4
64 / 64

2x64b
2x64b

GPU 64| GPU
Core 0 ™ Core 1

364 164
éii:é = éii:g
164 ¢64

GPU |64 GPU
Core4 || Core5
Nikali¢,|Spring

Scratch
SRAM

64

DRAM
Chan. 0
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Supporting Many Accelerators

® ReRoCC (Remote RoCC), a

° ° ° Tasks | = | #include
virtualized and disaggregated SOMWAre | Runtime | [Appicatn <aurorah> || Acceleators
A, System Application 2
. . . Application 3 Map
accelerator integration interface for i
~ ISA rerccc acquire rd, rsl, rs2
mqny_qccelerator In-l-eg rq-l-lon Extensions rerocc release rd, rsl
’ " rdT acquire / release
J. Zhao, OSCAR’23 ReRoCC M:ss:;:'neg Client > Manager
Interface Protocol acknowledge
) .
Micro- \_C;LI <> Client Manager < Accel
- architecture 3 3 #
Hardware | SoC Interconnect

®* AURORA, a full-stack methodology
for integrating accelerators in a
scalable manner for multi-tenant
execution

S. Kim, MICRO’23
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Customization

® Cores and controllers: Intra-core Rocket/BOOM configurations

® Control core / PMU as an example

® Simple RoCC accelerators

® SHA3 as an ‘instructional’ demo

®* Complex RoCC accelerators

®* Hwacha and Gemmini as examples

* MMIO Tilelink accelerators

® Peripherals

EECS251B LO2 CHIPYARD

Rocket/BOOM Rvs4Gc
Application Pro

Rocket RVG4IMAC
Control Core Unit

e NI
Spad L11$
RocC ||
TLB RoCC L2 Accelerator
16 KB 16KB |||l ]
L1D$ L1I$ ==
T I S

Tilelink Crossbar ‘
>

Peripherals
(UART, Block
Device, NIC, MMIO
Accelerators)

512 KB L2 Cache

TileLink Crossbar

DRAM

Rocket RV64GC

SHA3 RoCC
Accelerator

16 KB
L1D$

Tile 0: Rocket RV32GC

Tile 2: BOOM RV64GC

<« Hwacha
Vector

Lo | me | Swide - |[77=m=7) | BRU

Accel.

Vector Lane 0

Vector Execution

DMA ||| exeLios |[ tekBLTs | Decode r-- RF - — Unit (VXU)
__________ laster S |
‘ | Tile 1: Rocket RV64GC Seq. Expander
] I M1 ) I_l q P:
TLB
I systoll w e L8 w ROB [oozo-ooio
|[ Array zoo-ooooof| FPY Fry Scalar poosvosss
} | 16KB || 16KB 32KB 32 KB Unit w
L1D$ L11$ L1D$ L11$
; ;
% 3 T T
512 KB - - M v ’ 4KB |} Vectcfr Memory
scratchpad [ Tilelink Crossbar M wis Unit (VMU)
A
-
UART ([ GPIO JTAG 1024 KB L2 Cache

SimBlockDevice

SimAXIMem
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class
new
new
new
new
new
new
new
new
new

new

Rocket Chip Configuration

MyCustomConfig extends Config(
WithExtMemSize((1<<30) * 2L)
WithBlockDevice

WithGPIO

WithBootROM
hwacha.DefaultHwachaConfig
WithInclusiveCache(capacitykB=1024)
boom. common.WithLargeBooms
boom.system.WithNBoomCores(3)
WithNormalBoomRocketTop
rocketchip.system.BaseConfig)

-

-

-

R

-

-

o

ek

-

TestHarness

To

Tile O

SysBus

3-w BOOM Hwacha

i
ol

I G G SE—
N

L11$ L1D$

GPIOs

P

|

I MemBus
|

I BootROM

Tile 1

Tile 2

3-w BOOM Hwacha

L11$ L1D$

i
ol
ol

Hwacha

‘&WBOOM\
‘ L11$ \

L1D$

SimBlockDevice

SimAXIMem




class
new
new
new
new
new
new
new
new
new
new

new

Rocket Chip Configuration

MyCustomConfig extends Config(
WithExtMemSize((1<<30) * 2L) ++
WithBlockDevice ++
WithGPIO ++
WithBootROM ++
hwacha.DefaultHwachaConfig ++
WithInclusiveCache(capacitykKB=1024) ++
boom.common.WithLargeBooms ++
boom.system.WithNBoomCores(2) ++
rocketchip.subsystem.WithNBigCores(1)++
WithNormalBoomRocketTop ++
rocketchip.system.BaseConfig)

TestHarness

To

Tile O

SysBus

3-w BOOM

i
ol

L11$

Hwacha

L1D$

GPIOs

P
I
I
I
I

|

MemBus I L2
I
|

BootROM

Tile 1

3-w BOOM

L11$

i
ol

Hwacha

L1D$

SimBlockDevice

SimAXIMem




class
new
new
new
new
new
new
new
new
new
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Rocket Chip Configuration

MyCustomConfig extends Config(
WithExtMemSize((1<<30) * 2L) ++
WithBlockDevice ++
WithGPIO -+
WithBootROM ++
WithMultiRoCCGemmini(2) ++
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Rocket Chip Configuration

MyCustomConfig extends Config(
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WithGPIO ++
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WithMultiRoCCSha3(1) ++
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Rocket Chip Configuration

MyCustomConfig extends Config(
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WithBlockDevice
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Rocket Chip Configuration

MyCustomConfig extends Config(

WithExtMemSize((1<<30) * 2L) ++
WithBlockDevice ++
WithGPIO ++
WithJtagDTM ++
WithBootROM ++
WithRationalBoomTiles ++
WithRationalRocketTiles ++
WithMultiRoCCGemmini(2) ++
WithMultiRoCCSha3(1) ++
WithMultiRoCCHwacha(0) ++
WithInclusiveCache(capacityKB=1024) ++
boom.common.WithLargeBooms ++
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FireSim

® Cycle-exactly simulating large SoCs on

cloud FPGAs @10s-100s of MHz

* Open-source: https://fires.im

® Targets:

(1) Architecture evaluation
(2) Validate application on a pre-Si SoC

S. Karandikar, ISCA ’18, IEEE Micro TopPicks 18, CARRV 19

Example of (2): PageRank on Rocket+Hwacha

Network
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https://fires.im/

Hammer

®* Modular VLSI flow

* Allow reusability

® Allow for multiple “small” experts instead of a
single “super” expert

® Build abstractions/APIs on top

® Improve portability

® Improve hierarchical partitioning
® Three categories of flow input

® Design-specific

* Tool /Vendor-specific

® Technology-specific

EECS251B LO2 CHIPYARD

Tool
Concerns

Process
Technology
Concerns

Customized TCL Script

Nikoli¢, Spring 2024

38




Simulation/Implementation Targets

® Custom hardware design is not

just about generated IP blocks!

® Different collaterals for
different simulation or
implementation targets
® Design cycle RTL simulation

®* Verification / validation

®* VLSI flow

s

Custom SoC |
Configuration .
1
RTL Generators
FllEe -y Accelerators e Peripherals ST
Cores Caches P Verilog
v
RTL Build Process
FIRRTL IR
¥ ¥
FireSim Transforms: VLSI Transforms:
FAME Decoupling Top and Harness Split
FPGA Platform Mapping Replace Memories
Assertion/Printf Synthesis Module Promotion
ILA Wiring Module Grouping
RAM Optimizations IO Cell Technology Mapping
¥ v ¥
FireSim Behavioral :
Verilog Verilog WS VBT
| |
\ 4 h 4 *
FireSim FPGA- Software RTL Simulation Hammer Automated
Accelerated Simulation VCS Verilator VLSI Flow




Software

®* Compatible standard RISC-V Tools

versions

® ESP-Tools as a non-standard equivalent
SW tools package with custom
accelerator extensions (Hwacha,

Gemmini)

® Improved BareMetal testing flow

® Use libgloss and newlib instead of in-house

syscalls

® FireMarshal workload management

Core Application Logic

Libraries

User-space distros

OS Kernel

Drivers

RISC-V Toolchain

Standard

Custom

Kernel
Bypass

QEMU Spike Software e
Functional ISA RTL S:;:]’SZ'tE';n gﬁft
Emulation || Simulation || Simulation P




Summary O/

®* We will use Chipyard to generate a minimalist RISC-V SoC for logic (

design and circuits experiments
® Labs will exercise the design flow

® Think of projects that can:
® Test a circuit idea in a larger system

® Design a block to improve SoC
* Co-processor/Accelerator

® Peripheral device



Next Lecture

® Chisel

EECS251B LO2 CHIPYARD
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