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YrtoAoyLotikec NMAaTthOpUEC

Eneéepyaotnc (processor)

Eneéepyaotnc Wnolakou 2nuatog (Digital
Signal Processor)

Field programmable Gate Array (FPGA)

OAokAnpwpevo KukAwpa Eldkou Zkomou
(Application Specific Integrated Circuit: ASIC)
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Opyxvwon LTTOAOYLOTWYV

» KME
» Kbptx Mvnun
) Y1TOO'UOTI‘]HO( ELOOOOU/ e‘éoBou

YA vtoAoyot)
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Kevtplkn Movadx ETreEepyxxoioc
(KME)

R1
R2
R3

AAM

Movada eAéyxov PC
Kataxwontég
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Kevtpilkn Movaxdoo
EtreEepyooioc (KME)

» XPLOMNTKA KL AOYlKn Hovaxdx n AAM
(arithmetic logic unit, ALUS1
© EKTENEL XPLOUNTLKEC KXL AOYLKEC TTPXEELC
» KKTXXWPNTEC (registers)
° YPNYOPEG OKUTOVOMEG BETelc TTOOAKELONG
YLX TNV TTPOCWPLVI XTTOONKELOT OEDOUEVWV
> Aedouevwy, EvToAwy, MeTpnThG
TIPOYPRUPATOG
» MOVXOX eNEYXOUL (control unit)

° MOLXTEL pe TO _TMAMX TQULU ®VBPWTTLVQU
EYKEPXAOU TTOU EAEYXEL TN AELTOLPYLX KXOE

OPYXVOU TOU OWHKTOG KXL O  EANEYXOG
KUTOG ETTLITUYXXVETXL HMECW OLXVAWYV TTOU
___ELvL ELTE xvolxXToL ELTE KAELOTOL
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KbpLtx Mviun

» H kOpleX uvAun (main memory) elvot YL
OULAAOYN XTTO BDETELC XTTOONKELONC, KXOE
MLX XTTO TLC OTTOLEC OLXOETEL EVX
MOVXOLKO OXVXYVWPLOTLKO TTOU OVOUXTETXL
oLevBuvon.

» TX OEOOMEVX METXPEPOVTHL XTTO KXL TTPOC
TN MVNMUN O€ OMXOEC XTTO bit oL OTTOLEC
ovouXCovTtat AegeLc (words). Mux A€En
MTTOPEL VX ELVXL MLX OMXOX TwV 8, 16, 32,
N MEPLKEC POopEC 64 bit
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Taéivopnon ApXLTEKTOVIKWY
YrioAoylotwyv
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von Neumann architecture

Memory holds data, instructions.

Central processing unit (CPU) fetches instructions
from memory.

Separate CPU and memory distinguishes
programmable computer.

CPU registers help out: program counter (PC),
instruction register (IR), general-purpose registers,
etfc.
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von Neumann: CPU + Mvnun

Mvnun

200 ADD r5,r1,r3
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Apxttektovikn Harvard
15 |

O1euOuvon

CPU

Mvnun dedopevwv

OIEUOUVO

MV NpoypaupaTog

psaopéva
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von Neumann vs. Harvard

Harvard can’t use self-modifying code.
Harvard allows two simultaneous memory fetches.

Most DSPs use Harvard architecture for streaming
data:
greater memory bandwidth;

more predictable bandwidth.
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AUO OLOPOPETLKEC APYLTEKTOVLKEC

CISC (complex instruction set computer)
YuuneplthopBavovtal cUVOETEC EVIOAEC
EUKOAOC TTPOYPAUUATIOUOC
ErtumA€ov ¢poptoc
Intel-Pentium

RISC (reduced instruction set computer)

OL oUVOETEC EVTOAEC TTPOCOUOLWVOVTAL LE TN XPNON
UTTOOUVOAOU OITAWV EVIOAWV

AUOKOAOC Kall XpovoBOpOC TTPOYPAUUATIONOC
Apple-PowerPC
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CISC (nmpodeEpetar sisk) avtiotoel oe Complex
Instruction Set Computer (CISC). H otpatnytkn
nilow aro apyltektovikeg CISC eival va €xou e
£VOL LEYAAO OUVOAO EVTOAWY,
OUUTTEPLAALLPOAVOLEVWV KoL CUVOETWV EVIOAWV.
Mpoypoppatiopoc o CISC utoAoyLloTeC eival
£UKOAOTEPOC ATIO O, TL 0€ aAAou¢ oxedLacpouc,
SLOTL UTIALPXEL MLOL EVTOAN TOCO yLa TOL OITAQL Kall
KoL cuvOeTa epya. Q¢ ek ToUTOU Ol
MPOYPOLUUATLOTEC eV xpelalovtol va ypaouv
LLLOL CUVOAO EVTOAWV YLOL TNUV EKTEAECN EVOC
TTOAUTTAOKOU €pYyOU.
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RISC (mpodepetal risk) avtiotolel Reduced Instruction
Set Computer. H otpatnylkn miow amo tnv
apxttektovikn RISC elval va €xoupe eval LLKPO cUVOAO
QO EVTOAEC TTOU €KTEAOUV Evav eAAXLOTO aplOUO armo
artAEC epyaciec. MOAUTTAOKEC EVTOAEC
TIPOCOOLWVOVTAL LE EVOL UTTOGUVOAO TWV QTTAEC
evtoAec. O mpoypappatiopoc o€ RISC ival mio
dUoKkoAn kol xpovoBopa dtadlakaoia amo O, TL o€
aAAO oxeOLAOUO, YLATL OL TIEPLOCOTEPEC OTTO TLC
TMOAUTIAOKEC EVTOAEC Bl TPETEL VAL TtpOocOopoLWwOoUV
XPNOLLOTIOLWVTAC OTTAEC EVTOAEC.
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Exoupe LBl OTL EVOC UTTIOAOYLOTAC XPNOLUOTIOLEL TPELC
daoelc: (i) tnv kAnon, (ii) amokwdikomoinon kat (iii)
EKTEAEON, VLA KAOE EVTOAN. ZTOUC IPWTOUC UTIOAOYLOTEC, OL
TPELC AUTEC PAOELC ETIPETIE VA YIVEL OE CELPA yLa KABE
evtoAn. Me aAAa AoyLa, pLa evtoAn, n, xpeLlaletal va
OAOKANPWOEL OAEC TIC PAOELG TIPLV EEKLVNOEL N EVTOAN n+ 1.
OL cUYyXPOVOL UTTOAOYLOTEG XPNOLUOTIOLOUV Lo TEXVLKA TTOU
ovopaletal dloxetevon (pipelining) ya tn PeAtiwon tng
arnodoonc (0 CUVOALKOC apLOUOC TWV EVTIOAWV TTOU
ekTeEAOUVTOL OE KABOE neptocSo TOoU xpovou) H b€a eival otl
£QV n rovada e)\evxou urtopel val Kavel SV N TPELC Ao
aureq TLC cbaoaq muroxpova N enouevn EVTOAN UMopel va
QPXLOEL TIPLV OTTO TO TIPONYOUEVO, EXEL TEAELWOEL.

Dimitrios Soudris, Microlab, NTUA



Instruction 2 L Instruction 3 R

Instruction 1 . | )

> |
Fetch ” Decode || Fetch IDecode II Fetch |Dec0de I 00

F

Time

a. No pipelining

Fetch Decode Fetch Decode Fetch 00
Fetch Decode Fetch Decode Fetch Decode 00

Fetch Decode Fetch Decode Fetch Decode [ N N ]
S D> fime
b. Pipelining
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Nopadoolakd, Evoc UTIOAOYLOTAC ELXE MLOL eviaiia povada eAEyyou,
uia aplOuntikn Aoyikni povada kot pior povada pvnpng. Me tnv
e€EALEN TNC TEXVOAOYLOC KAl TN MElwoN TOU KOOTOUC TOU UALKOU TOU
UTTOAOYLOTH, OUEPO UITOPOULLE VO EXOUE EVAV LLOVO UTIOAOYLOTH)
e TLOAAQTTIAEC LOVAOEC EAEYXOU, TIOAAATIAEC LOVADEC APLlOUNTIKAC
AoyLKAC Kat TIOAAATTAEC povadec pvAung. H b€a autn avadEpetol
w¢ TapAaAANAn eneéepyacia. Onwc SLoxETevon, ETOL KAl N
napaAAnAn eneepyaoia pmopet va PeAtiwoel amodoon.

SISD Single Instruction-stream, Single Data-stream

SIMD Single Instruction-stream, Multiple Data-stream

[Orpaiin |

MISD Multiple Instruction-stream, Single Data-stream

FEEL

MIMD Multiple Instruction-stream, Multiple Data-stream

Ta&ivounon Bpyavesenie UisoReyVIoTh



SISD organization

CU: Control unit
MU: Memory unit
PU: Processing unit

Load Rl 40 14
Load R 50 > | 22
Instruction Data CU PU
stream stream MU
a. Concept b. Configuration
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SIMD organization

l ALU: Arithmetic Logic Unit
CU: Control Unit

MU: Memory Unit

14
—— 22 || " =
Load Rl 40 25
Load R 50 > 32
Instruction 17
stream — [ 21
streams MUs

a. Concept

b. Implementation

Dimitrios Soudris, Microlab, NTUA




MISD organization

LLoad Rl 40
LLoad R2 50
Load R3 380 14
Load R A 31 > 22
Load R, 120 Data
Load R, 121 stream
Instruction
streams
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MIMD organization

Load R1 40
Load R2 50

14

Load R3 80

?:)I:ld R4 81

2 E—»:

Load R26 120
TLoad R, - 121

27

Instruction
streams

32
[ | O——E=
MUs

Data
streams

a. Concept

b. Implementation
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The chip that flip-flops
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Mwati FPGAs ?

Idavika yia e€elkedeupEvouc oXeSLOOHOUC
Alapoporoinon nmpoiovtwy o€ ula ayopa tou aAAalet ypnyopa
NpoodEpel mAeovekTRpata yia vPnAn oAokARpwon
YWnAn moAurntdokotnta, ukvotnta, aélormiotia
XounAo kootoc, katavoAwaon toxUoc, ULKPO PUOLKO UEYETOC
Anodeuyovtan ta ntpofAnporta twv ASICs

YnAa un-eravaiouBavousva kootn, ueyain kaduotepnon oto
OXEOLOOUO Kal OOKLUN VIOt NAEKTOLKA YAPOKTNPLOTIKA

lpriyopo Time-to-Market,
lpniyopn amoktnon oti¢c aAAayEC TNG Ayopac

Dimitrios Soudris, Microlab, NTUA



[MAceovektnua FPGAs

MoAvu ypnyvopn e€sdsupévn Aoyikni
Madikn rtapaAAnAn Asttoupyia
pnyotepa ano PLKPOEAEYKTECG KOl MLKPOUTTOAOYLOTEC
[pnyopotepa arto unyavec DSP
Mo evéAkta ano eEeldbeupéva chipsets
ETUTPEMEL ATTO TNV CUVEXN OLOIPOPOTTOLNCN EVOC ITPOIOVTOC
Mo OLKOVOULKA KOt AlyOTEPO ETLPENN CE KWVOUVOUC
orto ta ASICs
Mn-enavalauBavouevo kKootn, ULkpo Ueyedoc
topayyelioc

Entavarnpoypappati{OpevVo omoladNmoTe OTyUN

Dimitrios Soudris, Microlab, NTUA



T1 gival Eva FPGA?
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Etepoyeveic MNpoypatLaTt{OEVEC
mmAatbodppec

YAIkO FPGAS

EvowuatwuéVves uvnueg

lNoAAammAaciaoTéC

Xilinx Vertex-Il Pro
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Flexibility

Performance
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Eneéepyaotec Wndrakov Zportoc

M

DSPs
A
'C54x
C55x% Y
C24x — C62x \C64x =
- Blackfin £
5 58000/E o
& > €
3 ]
3 2
ARM11 PowerPC P4 -
ARM10 (G4) r
ARMOE
ARM9
v
ARM7 GPPs
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Xapaktnplotka epappoywyv DSPs

ATOULTOUV LEYAAN UTTOAOYLOTLKN TTOAUTTIAOKOTNTO
ATtLLTEL TTPOOOYXN OTNV APLOUNTLKA TILoTOTNTO
ATtoULTN OELC 0TN MVAMNG yia bPnNAo evpocg Lwvng
Yuvexng pon 6edouevwy (Streaming Data)

NpoBAsPipa potifa mpooBaong Sedbouevwy (access
pattern)

Torukotnta otnv EktéAeon
AUOKOAEC ATOULTNTIKEC MOONUATIKECTIPAEELC

ATtoitnon ylo. EKTEAECN O€ MPAYUOTIKO XpOVvo (real-
time processing)

Dimitrios Soudris, Microlab, NTUA



DSP Algorithms Shape DSPs

Computational demands =  Multiple parallel execution
units, hardware acceleration of

common DSP functions

Numeric fidelity =% Accumulator registers, guard
bits, saturation hardware

High memory bandwidth —p  Harvard architecture, support
for parallel moves

Predictable data access patterns == gpecialized addressing modes,
e.g., modulo, bit-reversed

Dimitrios Soudris, Microlab, NTUA



DSP Algorithms Shape DSPs

Execution-time locality — Hardware looping, streamlined
interrupt handling

Math-centricity m—> Single-cycle multiplier(s) or
MAC unit(s), MAC instruction

Streaming data w—> Data memory usually SRAM, not
cache; DMA

Real-time constraints — Few dynamic features, on-chip
SRAM instead of cache

Standards e 16-bit data types; rounding,

saturation modes

Dimitrios Soudris, Microlab, NTUA



YrtoAoyLoTtikec MNMAatdpoplec

Flexibility

Performance
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Al13 BIONIC
Manufacturing

» System on Chip, designed by Apple

» Manufactured by Taiwan Semiconductor Manufacturing Company (TSMC)

7nm FinFet technology

v

R R E AL A
00000 N0NP00000000%, 0000 D00 ¢ ee
[ )

How much transistors? -

v

00000000000 o000 0" "¢

000000000000

90 0000020000006 0
eC0P00800R000D
-

A LISEFRIL

21i811149 4F

L ]
L]
L
L ]
o
) So
4 ‘0
4 -
~a J
L
02
..
L d
L d
©
-
-
L)
-
L
L]
e
N -
L]
®
®
.
“Q
v
s
“.
{0
o ®
%
'O




Al13 BIONIC
Manufacturing

v

System on Chip, designed by Apple

v

Manufactured by Taiwan Semiconductor Manufacturing Company (TSMC)

v

7nm FinFet technology

v

How much transistors?

» 8.5 BILLION



A13 BIONIC o
Technical Characteristics

v

Architecture: 64-bit ARMv8.3-A (RISC = lower cost, energy consumption and heat dissipation)
» 6-core CPU (fastest ever!)

» 4 energy-efficient cores (Thunder) for basic operations

» 2 high-performance cores (Lightning) at 2.65 GHz (4K video, gaming)

» 4-core GPU (fastest ever!)

» 8-core Neural Engine (a custom block of silicon separate from the CPU and GPU, focused on
accelerating Machine Learning computations, ex. Face ID, Animoji)

» CPU features 2 Machine Learning Accelerators (processors for artificial intelligence applications),
thus CPU is capable of executing 1 trillion ops/sec

» Machine Learning Controller chooses between CPU, GPU, NE for balancing power efficiency and
performance



It's all about the die...




Moore’s Law

10’ ' _ Accelerators B —
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Original data collected and plotted by M. Horowilz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond and C. Batten
Dotted ine extrapolations by C. Moore
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Efficiency via Specialization
]

More flexible... Dedicated HW
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Source: ISSCC Proceedings

Source: Bob Broderson, Berkeley Wireless group
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Authors@Google: Christos Papadimitriou
http: / /www.youtube.com /watch2v=yF-

cq06C9Ck&feature=PlayList&p=42B3EO3AAE2B3
BO2&playnext from=PL&playnext=1&index=32

The Birth of the Transistor - 4 of 4
http: / /www.youtube.com /watch2v=ptDYeDXXG QY

MICROPROCESSOR TUTORIAL
http://www.eastaughs.fsnet.co.uk \cpu\index.htm
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