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(*): term coined by David Patterson

40 Years of Processor Performance
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Figure 1: Processor Performance vs. Time

Source: Xilinx Whitepaper 505 — Versal ACAP
(reference to J. Hennessy, D. Patterson, Computer Architecture: A Quantitative Approach (6th Edition, 2019)
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Application-Specific Processors (ASIP)
IN—FDITEITRDITDRE

: Applicationspeciﬁc instruction set processor

From Wikipedia, the free encyclopedia

processor

Extensible

Processor An application-specific instruction set processor (ASIP)

Is @ component used in system-on-a-chip design. The
instruction set of an ASIP is tailored to benefit a specific
application. This specialization of the core provides a

Application-Specific
uP / DSP

Programmable

Datapath tradeoff between the flexibility of a general purpose CPU

and the performance of an ASIC.

FLEXIBILITY =—

Hardwired
Datapath

EFFICIENCY (Mops/mW) =
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ASIP Designer

— e = e =2 Rty
T—XTOFrEEELR EEE(NML) LY, $32L—4(1SS) =y
TIVr—avicmeL-mftyhaRiHo
EAT0tyY/ DSP 2 BB R T SR EE aZ
o O ) mm S CR—X
ti ( _ \ C/C++ ‘://\47 Sy)s/féfnmSimulator
* etage E1: nML EE R T IS5 h—
User-Defined ‘:res?:li (:recr=V[r] ,vecs=V[t])@vec;
i~ Architecture V[t] = vect = vabs(vecd) @vabs;
: ;yntax : "vadiff v"t ",v"r ",v"t;
image : t::r; /

Processor Model
nML
FMT | ALU | OPD Dﬁ

Instruction

FIvAIFTAaATIr4L4S5

FMT | MPY | OPD

e it =N Verilog / VHDL == ASIC | FPGA
~% RTL 3—F
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Tyt

<A/ onarka—5

Tnano
Tmicro

DLX (family)
Tmcu

Trv32 (family)
Trve4 (family)
PD_Triop

DSPR UL 5EETY

Tdsp

Tvec (family)
Tvliw (family)
EENETODY
Tsec

Tcript

ZDith
Tmotion
Tcom8
FFTcore
Mxcore
Primecore
Tgauss

Tvox
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16-bit microcontroller, lightweight and configurable

16-bit microcontroller, fully featured

Variants of 32-bit microcontroller

32-bit microcontroller

32-bit microcontroller featuring RISC-V ISA, 3 or 5 pipeline stages
64-bit microcontroller featuring RISC-V ISA, 3 or 5 pipeline stages
32-bit microcontroller with 64-bit address spaces

oy

16/32-bit DSP
Variants of SIMD processor
Variants of VLIW processor

High throughput SHA/RSA/AES accelerator
High throughput AES accelerator

Accelerator of motion estimation kernel

SIMD processor optimized for some communication kernels
Scalar implementation of complex FFT

Matrix processing ASIP for communication kernels

SIMD implementation of prime-factor algorithm for FFT & DFT
Vectorization and memory management for image processing
Accelerator for SLAM (simultaneous localization and mapping)

9 nMLEER
Y—X3d—k
B E7/Example § CHeft
- IA(HAarkA—5
« DSPs
* SIMD. VLIW
« TILFARLYK
« X274 (AES. SHAT)

AEYIF, AXIINRE

ExamplefR®D A)vk
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RISC-V @it vh7 Bt yHExample
I N S T T N

BRRT—UI(TSA(Y Trv32p3 / Trv32p3x Trv64p3 / Trv64p3x
SERRT—I (TS5 Trv32p5 / Trv32p5x Trv64p5 / Trv64p5x
« H7/R—KEE4: RV64IM, RV32IM « XAOAT7—FTIOFYDHRE
— B (Integer) — SERRT— L TSA 2 IF, ID, EX, ME, WB
— FEH S (Multiply) — BBRRT—UINALTS4A42: IF, ID, EX
« T2 a3 HRER: TrvXXpYx — RESNT=/\1T 54> (Protected pipeline)
— (HE#) [E#Edr T (Compressed: IMC) — AIRERIGRIEIL D RAZE/NA/NR
— (BRAL) EAX—/IINYR)L—T — INA/RADH F AU T Stall (bubble)
— (HRBL) PRLRAEHHEOO—R/ RN - N—FIIT7REZH

— 64x64—128—select 64bit, 32x32—64—select 32bit
— A3—1)—JKRES

BiELT HASIPEERIT SO DAE— M RAVMELTERTEEY,
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Trv Example 7 JL: RISC-V ISA Compliant

IL—LT—%
« ISAAVTSATURRREEIE ? « BYRTYT
— RISC-VDEREMNISALTHRIZERL TSN ZEHEER — RISC-VT R IL—LT—IRIZTTAMEITEIND
— ISAAYTSA T RIERTLEERE TIX ALY — A—FYrDBREIETIvONMLET ILMSASIP Desinger
— ISATFRFRA —FHR—Z SA [CE>TEMEINTRISC-VO@GmT YL ZalL—42
— RTLEZEIZNT AL EE AVTSATUR
RETHEDTIEAL FREE
RISC-V
S ias Compliance GNU
XEHRAL Test Assembler COMEEE
o Suit
¢ RISC-VAVTSATURIL—LT—2 —
— https://github.com/riscv/riscv-compliance/ ﬁ
Reference
— "ZDIL—LIT—IIFEEDETILE)I7LUR
D 2 F R LTRSS

OK: 48/48 RISCV TARGET=trv
RISCV DEVICE=rv32i
RISCV_ISA=rv32i

OK: 8/8 RISCV TARGET=trv
RISCV DEVICE=rv32im
RISCV_ISA=rv32im

— “TIIK TIXRV32IMC unprivileged specD & %5/ \—"

OK: 25/25 RISCV TARGET=trv
RISCV DEVICE=rv32imc
RISCV_ISA=rv32imc
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SDX: T ILT—EFN\RYLE

vtk

« SDXIZ(RISC-V) 7Oty HET)LIZE i
VRS ZEEBMT HAN=X L

— WEMERTILE UL, Taey Y ETILO—EELT Behavioral model (PDG)

1%1#5 w32 sdx0(w32 a, w32 b)
- A FRABIMLERE S SBEAGL {

w32 r;
- A—Y— AR RN BEEPDGEL TIA—T A2 b=t s
— PDGIE. T—ANRBEHOIMEEEET H-DIZFERAIN

r[31:16] = a[31:16] + b[31:16];
returnr;

BACHLITERE
— IR REI—7 eI BV INASHAAH B e Compiler intrinsics
Rt

int sdx0(int,int);

« RISC-VMD*“custom-2” s &L TToa—Fk
« /AN IT—3ay
— 3DMreg 2EVRE LU64E YL, B,
BMOLUT IO RFIANBLUVHNEA, ...
 f5l: SHA256 (A RL— 3 @), FFT Ay Ly
AR, CNN (/\vr—2{eEh=SIMD)

int add2(int,int);
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SDX Examples
ASIP DesignerlZ{t/E

FFT

SDX instructions accelerating

- Complex fixed-point multiplication & scaling
sdxl rd,rsl,rsZ2

- FFT Butterfly : sdx5 rd,rsl,rsl

Specialization:
- Fractional data types
- Complex numbers (16bit/16bit -> 32bit register)

Area increase: 31%

Speedup: 77%

SHA256

Computes a hash of message W using bitwise AND,
OR, XOR operations, shift operations and additions

Custom data path is ideal to implement the complex
hash function in one instruction

Additional state of the hash functions (8 state
variables) require an SDX variant that supports 8
additional register reads and writes

sdx7 rd, rsl, rs2, x24,x25,., x32

Keyword Spotting
Based on small sized Neural Network (3.3M MACs)

SDX architecture feature: packed SIMD
32 bit register contains vector of 4x 8-bit

valves ]

Use of register pairs, enabling 64bit access

sdx4a dr dd,rsl,rs2,mode // vmac
sdx0 dd rd, dsl,ds2 // vgsat

© 2020 Synopsys, Inc. 11



Tmoby 7—F 79 F

T—XTOFvDHERE T77)r—3>: MobileNet V3

* ISA: 4ifi 5l g5 45 « TensorFlowa—KZ%{£ aphd DE5AH (PO :
« RPZBT—HINRX « TmobyBEB DAL ILIAABEEERANT ] DO Dep s

— SIMD64 Ca—FKIZZ#: :

— MAC 8x8—32
. )‘:E')

—VM: Ta—Fv—

RV32IMx D WM LD/ST

VAG Regs
DM(]
8b/16b/32b

—WM: OxAk
— RGBIFTRLYI YT

VEC[4] MAT[3]

EmEm |

VMUL
64: 9bx9b=18b

2D VG AGU

VSHIFT VADD
64: Isl/asr + round 64: add32

v

ACC[3]
64i32

VAG Regs VEC[4] MAT[3] WAG Regs

1T

VEC[4] MAT[3]

. . 8u8 64u8
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BILWLWTERE TOHRA - =R CTEILFH
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