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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 Instruction Set Processors (ASIP)
IN—RITEITRDITDORE

~ Application-specific instruction set processor

From Wikipedia, the free encyclopedia

Micro-
processor

Extensible

Processor An application-specific instruction set processor (ASIP)

is a 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
tradeoff between the flexibility of a general purpose CPU

Application-Specific

Programmable
Datapath

FLEXIBILITY —>

and the performance of an AsIC.

Hardwired
Datapath

EFFICIENCY (Mops/mW) =
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ASIP Designer

_ e = e == maEtyk
7—XTOF v EEREEML)IZKY., $22L—4(ISS) =
TIVr—avIcBeLi-amfeyheRio
EMF 0ty DSP £ EBERT HRARE 2
- O = SystemC R—X
i . \ C/C++ ‘:Ijl \47 Snye?nmSimulator
i NMLEE R Ty ISMN)h—
User-Defined ‘:res(::i (:recr=V[r] ,vecs=V[t])@vec;
qQ Architecture V[t] = vect = vabs(vecd) @vabs;
: iyntax : "vadiff v"t ",v"r ",v"t;
image : t::r; /

Processor Model
nML
FMT | ALU | OPD ‘Di

Instruction

N ] Eay Verilog / VHDL == ASIC / FPGA
0 RTL 3—F

ASIPERETRARY—IL
“ASIP Designer”
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b+~ Y \ (D =4
iRt A[ g% Example7 Oty 4 nMLaayl*F
\/_xj I
EE
YA4y0ark0—3 = BEL jhaE{ﬁ
7 green = = E87’dExample Za y
Tnano 16-bit microcontroller, lightweight and configurable . ~
released in 2020 . . —
Tmicro 16-bit microcontroller, fully featured EgaZi==b7 = 7
DLX (family) Variants of 32-bit microcontroller e DSPs
Tmcu 32-bit microcontroller
Trv32 (family) 32-bit microcontroller featuring RISC-V ISA, 3 or 5 pipeline stages * SIMD. VLIW
Trve4 (family) 64-bit microcontroller featuring RISC-V ISA, 3 or 5 pipeline stages e JILFAR |/\y|3
PD_Triop 32-bit microcontroller with 64-bit address spaces - b
. |
DSPR U SIRE L O ¥ 2T (AES, SHAS)
Tdsp 16/32-bit DSP o« AEIIF, AXIINAREE

Tvec (family) Variants of SIMD processor

Tvliw (family) Variants of VLIW processor Exam P | EEm 0))“) vk
ESET O

Tsec High throughput SHA/RSA/AES accelerator ° %K E’Jﬁ*ﬂéﬁ%liﬂ%l:& n'l'F?ﬁ%/ﬁfH
Teript High throughput AES accelerator o E}M’Eﬂﬁ%?ﬁiﬁﬂ’&%ﬂ@‘I

TIVr—a 4%t
—\\I » -l: ST BL — 3131 48
Tmoby Accelerator for Al application, featuring MobileNet V3 graph y :ET )-/7 0)* "-\ 3‘)]1?]'»% 1=

Tvox Accelerator for SLAM (simultaneous localization and mapping) e NMLY—RX1— F"G:]:E{?IE éméf:&’)
MMSE Minimum Mean Square Error Equalization :L_.U:‘_h§ g EE ‘:551][' %Eﬂ-ﬁg
Tgauss Vectorization and memory management for image processing

Tmotion Accelerator of motion estimation kernel

Tcom8 SIMD processor optimized for some communication kernels

FFTcore Scalar implementation of complex FFT

© 2021 Synopsys, Inc. 8
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Trv(RISC-V ISA)ET L

AE
« RISC-V ISAIZ& &1t

Nf=ETIL 3RTF— Trv32p3 Trv64p3
. ISAHEBED RA—T (Y TS5 Trv32p3 Trv64p3
7% % ~ELTOER SRTF— Trv32p5 Trv64p5
(ASIPE%&T) RATS54Y Trv32p5 Trv64p5
B EE (2020.03)
. ®IGISA: RV64IM, RV32IM « NMIURT—FTIOFrOHEER
~ %*ﬂﬁi'—%(lnteger) - Si;éx—r—wvwvzr/: IF, ID, EX, ME,
- R (Multiply) — BBRT—/81TF 542 IF, D, EX
« T a iR Trv<mm>p<n> — R#ESNI=/ 1T 51> (Protected
_ ams . _ pipeline)
(B%) [T 48 ljn n(CoTpreSfed.lhiIC) R LSRR
— (BREL) EAF—/\NyR)L—T — INA/RAHHEA LB [ Stall (bubble)
— (hRAL) PRLRAEFHED -~ N—FOIT7EE:R
A—k/ANT7 — 64x64->128->select 64bit,
32x32 - 64 - select 32bit
— BYIRLALEDOKRE S
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32-bit 64-bit
T—318X T—HIRX
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rvET JLHkaR (2021.03)
F-9SRAYiR—k, Ao FIT TIN5

« TV32EFTILIZA T av DFeF 7 A%k
Fin R o5&
— IEEE754 BB EZFH/N R DY R—F
(round to nearest-even mode)
—FLORZT74IL
— FADD, FSUB, FMUL, FCMP (EQ/LT/LE), FMIN, FMAX, FCVT — DesignWareE¥a1—JL
— FDIV, FSQRT — ##&UiR LALIBDEL

¢ TrV:E7_'\\)l/(:7_|'7°:/EI )0)7_"99"“/707_'\\/ q‘yb\\%*{i—\ gE(OCD) On-Chip Debug (OCD) Hardware
— ASIP Designer®OCD B 4 R i aE % LEerD B TRy EM
— EENIZISAD HEIEIZE R | HE;

-_AéT;Designer or
«+ASIP-Programmer

Graphical Debugger |

Remote or
User’s Computer

Jtalk Server
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SDX: U7 LT —43/\RHL5E (Simple Datapath eXtensions)

Ot Tk
« SDXIX (RISC-V) 7Oty HET)LIZEflits “
VR R ZEBINT A AHh=X L |
_ MRS AT L. TOEv Y EFILO—EELT Behavioral model (PDG)
Rt

Trv32p3sdx

w32 sdx0(w32 a, w32 b)

{
w32 r;

r[15:0] = a[15:0] + b[15:0];
r[31:16] = a[31:16] + b[31:16];
return r;

— A—H—[TERAENMLEE R E S E ML
— A—H—HI LR EED E{EXPDGELTCa—T YT
— PDGIE, T—/\RBEHOEEEEET H=HIZFEHIN

HCHEIIGEEE DM[] }
— YRS EA— YhET BV AT AH A H B % SO Compiler intrinsics
e

int sdx0(int,int);

« RISC-V®D“custom-2” sl TcTa—k int add2(int,int);

s mH/N\JI—3Y
— 3D Mreg 2EVRE LU64E VI, BT,
EBMDUUTIWLIORIANBLUHNEA, ...

« f5l: SHA256 (A RXL— 3V E), FFT (Y 7Ly
A0EE), CNN (7 \wr—I e =SIMD)

Y synorsys

User can assign an
intuitive name
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SDX Examples
ASIP DesignerlZ{t/&
FFT

SDX instructions accelerating

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

* ABS(X) function: sdx2 rd, rsl, rs2(x0)

 FFT Butterfly: sdx5 rd,rsl,rsl

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

AE—K7vT: 280% TI)T7E: 31%

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

AE—FK7v7:270% I!)71#: 16%

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

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

values |:|:|:|:|

Use of register pairs, enabling 64-bit access

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

AE—FK7v7: 1160% T)71E: 16%
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Tmoby: MobileNet[r] [TASIP

» MobileNetlZE/NAIILWHRAAE DIV TTYr—23r  « TmobyldHED R IL—TvEHIZHKE1E
ﬁE‘GFHL\B*LéCNN

RSAMICHBERIRER B HAAHEHEAER

Medium High
,,~%20):|7\I~ 32 — 256 MACs > 1k MACs

—N-- — SIMDTEI{E9 564{EDMAC
(a) Standard Convolution Filters DK'DK M .N .DF . DF _ j[EﬁIJD—P/ZI‘T&EJH%(:;X?KDZEE"’E
o (D ] ~ (7 - RCAMAMTRS LAY SIUE AT+ DVA
=1 "A

Dy —M—

(b} Depthwise Convolutional Filters

Dy.Dx. M . Dy . D

W%% +M .N. Dp . Dy
1
I —N—
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Tmoby 7—FT9F

T—XTIOFYOHEE
 ISA: Al 5| dp 4y
« RYBZT—HINR
— SIMD64
— MAC 8x8—32
o AF [J
—VM: TJa—Fv—
—WM: DAk~
—ROBFRLYI VY

Y synoesys

74—, MobileNet V3

« TensorFlowa—KR%{# R

« TmobyElH DRI LLEAHBEEE R LNT

Ca—KIZZ i

RV32IMx

-

bMm(]

8b/16b/32b

ACC[3]
64i32

VSHIFT
64: Isl/asr + round

VEC[4] MATI[3]
8u8 64u8

VMUL
64: 9bx9b=18b

VADD
64:add32

v

ACC[3]
64i32

VAG Regs VEC[4]

HEEN )| -

2D VG AGU

VAG Regs VEC[4]

HEEN ) =~

DH
D({
1=

DI/,

MAT[3]
64u8

WAG Regs

VEC[4]
8u8

WM LD/ST

VEC[4]
8u8

MAT[3]
64u8

MATI[3]
64u8
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ASIP Designer — E£& 8
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— EHTILT) X LOWEEEASIPICHE T A ETY —h ZEIE
- WERERGERLGSCTRIEEEEN IOy HEER

« ASIP Designer(AD)IZ&BASIPERFED A1) vk
- ZMEEMEEL A YY) T4 —HRISC-VI Oty H%HEH
— RERAREZMOTITIALEEREALEREE~ DX
- ARERETE IO S LICEET YT T—RAAIRE
- EEEE0A. MEROKEREANEZ (BUVERETRA M)
— AADSP/I7Oty YRS (KB EFERIENST )LZ [ #
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