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48 Years of Microprocessor Trend Data

Transistors

COXvy TEEDHBICIE? 10’

5B TC Y Y 6L v (thousands)
BERTEA (. BROERREE? i L
10° | BV Single-Thread
A A
10* | ‘s ;.“ﬂ ; 0083 T 1 (Ps?p?;ocrlrrqz%nf ?03)
3 oty " !“ I!*l“ﬂ ga"y Frequency (MHz
10 B A A A o 'ﬂ - | &
5 30 ¥, ¢ 34 Typical Power
2 L A A A u v v §Y v '%W‘ v’
10 A See = : vvvvvav':?W v iy *e0s] (Watts)
I I = " Ty VT sse? | Numberof
10 N = = vV M Logical Cores
0 A m v v v vY vv . 8
10" | ‘ - 6 B e s W LB HNeN oo ]

| ] | ]
1970 1980 1990 2000 2010 2020

Year
Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2019 by K. Rupp
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7oty ETIL A4 >2axy + | Catapult® BREEDER - 3R
aAVR—FR2 b

Native C++ C++7J)LaY XL HEE 1= 1T D&EE
or /\Z I 1IN
CH+7—FTIUF% HRAUEFHTT—2BE)
Host Code Execution TLM/MatchLib* CtH+7—FTIOFx AVRITI—RENRAD
(HCE) T—ABENDERE
Fast ISS TLM/MatchLib* C+t+7—FTUF¥ SWHEA—4w FCPUIZZBRaVINTIJL

REL, TOEUHEEZEREL-M1 V42
TJI—RENRDT—E2BBDEE
A—T oV —XOEHATHATRE

> TLM 2.0~DiEH D2

fIERBODRTL ooy RE
RS TOEE - MEREIRSE

RTL RTL
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MatchLib : RR—I(ZTHRR
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MatchLib & (& ?

IModular Approach To Circuits and Hardware Library

AOML7 2 €5 L—%2 Z1/E9 SFFIZ. NVIDIA LabTHIF

o VATLDEHEL I AL—2arTE-O0EREENSD=—X

o (EMETHLCEL)ETILOMEE = RTILEZEBROMERE ITEBHEDIF-V=—X
OMEEHEBRNICH L, 2L DEL L7 —FT0 F viEABLE

o RTLTE2THTHA VT HRBITEL

o BEREMEWVWHIHFBRTETIRMITIEL

OMatchLiblg, A—F>Y—ZX3—F  \atehLib
o https://github.com/NVlabs/matchlib

MatchLib is a SystemC/C++ library of commonly-used hardware functions and components that can be synthesized

by most commercially-available HLS tools into RTL.
Doxygen-generated documentation can be found here.

MatchLib is based on the Connections latency-insensitive channel implementation. Connections is included with the
Catapult HLS tool and is available open-source on HLSLibs. Additional documentation on the Connections latency-

insensitive channel implementation can be found in the Connections Guide.
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& AT gE%MatchLib AXI4 model & TLM Wrapper

DAXM4ADL5F v RJL (ar,r,aw,w, b) MDtransactionZIEFEICETILIE
o FYRILTIEH. Ev MEELE—MEEZETILEL

A& L\QoR%# &R B &1 & R Catapult T & R AT BE

AR )IL—T v +EE (ACCURATE_SIM)EFAST SIME— FZHHR— k

OTLM < - > Catapult Wrapper Model T, ¥ X T LAMEERIENREIH 5 EIR Al EE

MatchLib Model TLM Wrapper model for MatchLib Ram Model

wrap_ram_tim2
AXI4 Read | - AR Rem AXI4 Read = =

Master Port | ol 5 mem led R lbem b= R Jtom Le- Slave Port T

TLMZgarget | 1 _chan Slave
AXI4 Write | =f AW ftem AXI4 Write targel Paort
Master Port | =f—= | witem = W lem = W Hem == Have Port astel w_chan

'\I MatchLib&B I

B Itam [
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O Ew rEEZKRSac_type hh i
TLMADEBRFITS S PF VAT
Catapult@a ViR rESvEVT

O TS0 X T LK
TLM-20 3 Vi R—+ > F TERE

o AVALY FEETEE

Testbench

TLM <-> Catapult Wrapper
I:l C++/SystemC
Catapult
Component . TLM-2
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4 —4'y FCPU Fast ISS
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A2 aR9 k

N/A

CONNECTIONS_FAS
T SIM &
TLM/MatchLib

CONNECTIONS_ACC
URATE_SIM &
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CONNECTIONS_ACC
URATE_SIM &
TLM/MatchLib

CONNECTIONS_ACC
URATE_SIM

RTL

Gate, post P&R  Gate, post P&R

C++ Algorithmic

C++ Architecture

C++ Architecture

C++ Architecture

C++ Architecture

RTL

Gate, post P&R

L—a VDR

(Yolo Tiny Inference)

RunTime
(sec)

12

1,027

6,455

7,272

97,329

(est) 2,600,000

B
TOEIL—EN
hE

a7m
7ILa) X LBKEE
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HEEOE
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CPU
7 I Catapult
omp € ccelerator
function()
‘ Bus Fabric
Memory Peripheral Peripheral
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JOJ77AILOMBLEBERIIKY) ! 75€5L—414twHs...

@® Time Profiler ) Profile ' Root far A =
Weightv  Self Weight Symbol Name

5.23s 100.0% Os Vyolo (48794)
5.23 s 100.0% Os V¥Main Thread 0x461821
5.23s 100.0% Os Vstart libdyld.dylib
5.23 s 100.0% Os ¥main yolo
5.23s 100.0% Os Vyolo_tiny vyolo

21s 5% 99's B conv_2d_sw yolo
800ms 0.1% 8.00 ms leaky_relu_sw_yolo
8.00ms 0.1% 8.00 ms max_pool_sw volo
6.00ms 0.1% 6.00 ms bias_add_sw yolo

SAELER LR Y VI LERZERET D
INRIRTZAEERITIR YR L

CO-processor

RIFIR 7T BEEK INAR—ZDR) T T
FET—2DEFPT—28BEH
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‘ Bus Fabric ‘ Q /NMREBEENE#HLGARL— 3 Y
| | o HYAUIIZRE
c RNERT— bZEE=LZL

Memory Peripheral

£
. HEHLSIMDA VRS
\ o BRBT R34 TEER
#Fiopcode THT7 UV L X(&, BEIIC"asm" T4 LY T4 T%EHA

asm(“CX3 %2, %0, %1”

« N\ _.17

r” var in 0, var in 1
: “=r” var out 2)
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I I c AEYD—BEEOMBEERTE-D. ATYTFTIERD
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Rocket Decoupled(Cmd) ROCC
P Accel.
Decoupled(Resp)

¢

CachelO
< - register bank

busy p0
) IRQ = < >
2 .
< Erart sync Synthesized
supervisor bit done svnc
P . Y Accelerator
UncachedTileLinkIO Circuit
¢
PTWIO

¢

exception

-
 — —
Colin Schmidt, UCB |
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SHA-256 Hash Algorithm
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AI AXI slave I

register bank
p0
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P2 Synthesized

start sync

done sync Accelerator
Circuit

A
A 4
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Testbench

Slave)

Bus slave

TLM <-> Catapult Wrapper

Catapult
Component
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Page 28

Algorithm Interface SW perf/ SW energy/
HW perf HW energy
bfloat Instructions N/A N/A
SHA-256 hash Co-Processor 25 49
conv2d Bus slave 340 480
Yolo Tiny Bus master 1,123 1,480

A HE AN ZE

PerformanceD#{& Tl%

JoteH EREIDT—2BBDon/off DA —/N—~vy FEED

Q KRBOEM T, KELHROBEBENTLOND

SYTFILOFILITY XLVEBTIEERERIAB L
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