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] . EX_106-1/2 23E
CPU (Central Processing Unit)  au-arithmetic Logic Unit i s esammes

The computing part of the computer. Also called the “processor,” it is made up of the control unit
and ALU. Today, the CPUs of almost all computers are contained on a single chip.
The CPU, clock and main memory make up a computer. A complete computer system requires
the addition of control units, input, output and storage devices and an operating system. EEEE
CPUs Come in Different Sizes Depending on which end of the field you are in, a CPU can mean
the processor, memory and everything inside the cabinet, or just the microprocessor itself.

Micro processor 24E

A central processing unit (CPU) contained within a single chip. Today, all computer CPUs are
microprocessors. The term originated in the 1970s when CPUs up until that time were all
comprised of several chips.

Thus, when the entire CPU (processor) was miniaturized onto a single chip, the term “micro” ##its % Fmi#
processor was coined. Since the turn of the century, the semiconductor manufacturing process IeEH
has become so sophisticated that not only one, but two or more CPUs, are built on a single chip  s@wxn -

(see dual core and multicore).
Microprocessor is often abbreviated MPU for "microprocessor unit” or just MP, the latter also 442
spelled with the Greek i symbol for micro or the letter "u" as an alternate (uP or uP).
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EX_106-1/2 925E

Microprocessors

The first microprocessor was produced by Intel in 1971. Dubbed the 4004, it cost about
$1,000 and was as powerful as ENIAC, the vacuum tube monster of the 1940s.

Faster versions soon followed from Intel, and other companies came out with competing
microprocessors, with prices dropping rapidly toward $S100. The flexibility of the offerings &%
had enormous appeal. If, for instance, the maker of a washing machine or camera wanted

to put a chip in the product, it wasn't necessary to commission a special circuit design, FHETS
await its development, and shoulder the expense of custom manufacturing. HE R
An inexpensive, off-the-shelf microprocessor, guided in its work by appropriate software, HAS

would often suffice. These devices, popularly known as a computer on a chip, quickly
spread far and wide.



Microprocessor EX_106-1/2 26E

They Started as 8-Bit
The first microprocessors were created by Texas Instruments, Intel and a Scottish electronics

company. Who was really first has been debated. First-generation 8-bit families were Intel‘s 8080,
Zilog’s Z80, Motorola‘s 6800.

Today’s Microprocessors Are 32 and 64-Bit
The 32-bit and 64-bit microprocessors found in most of today‘s workstations and servers are the %
x86, PowerPC and SPARC lines. More than 200 million of these chips ship inside general-purpose
computers each year. L
Eight-Bit Lives On WIRHLAT Ly
For embedded systems, newer versions of 8- and 16-bit, first-generation microprocessor families #2842
are widely used and exceed the desktop computer and server market in volume. Each year, millions

of microprocessors and billions of microcontrollers are built into toys, appliances and vehicles. A
microcontroller contains a microprocessor, memory, clock and /O control on a single chip .

The Speed Limit 27E
106 10° #E{M
Megahertz and gigahertz are analogous to a highway speed limit. The higher the speed, the faster
the traffic moves. In a CPU, the higher the clock rate, the quicker data gets processed. RXE WEIhB

The 8-, 16- and 32 bit designation is the CPU's word size and can be thought of as the number of R
lanes on the highway. The more lanes, the more traffic. The combination of speed and number of
paths determines the total processing speed or channel bandwidth. INURIE
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EX_106-1/2
CPU cooler e
A device that draws heat away from a CPU chip and other hot- T2
running chips such as a graphics processor (GPU). The simplest type
of cooler is a heat sink, which is a metal cover glued to the chip that
provides a larger surface area for heat dissipation. Bk, JHEX

Even more effective is a CPU fan because it forces the hot air away
from the chip. It is often used in conjunction with a heat sink. Watef&!<
cooled systems and heat pipe coolers provide more esoteric K #ME RE
solutions. Refrigeration systems have also been built to cool down  #& &l

the CPU.

Pentium D

One of Intel's first dual-core 64-bit Pentium CPUs. Introduced in 2005
along with the Pentium Processor Extreme Edition 840, they both
share the EM64T 64-bit technology, but the Pentium D does not
include Hyper-Threading. The Pentium D's two execution cores
provide two completely parallel processing streams.

29E

p=]
=
i

2019/11/24 © Renji Mikami — Mikami Consulting / Meiji University 2019 6



Microprocessors EX_106-1/2 30E

The creation of today's chips is a prodigious challenge. The design stage alone, mapping outthe  ExXx#%

pathways for a forest of interconnected switches, may take months or even years and can be AR
accomplished only with the help of powerful computers. Manufacturing is done in multibillion

dollar plants of unearthly cleanliness, because a single particle of dust, boulderlike in the FRE BEA
microworld of transistors, would ruin the circuitry. The tiny electronic creations wrought by all o=

this engineering effort are now everywhere, operating behind the scenes in every household

device and every mode of communication, transportation, recreation, and commerce. Most BIE Bt
extraordinary of all, the rate of advance shows no signs of slackening. Engineers and scientists  &»n2

are exploring three-dimensional architectures for circuits, seeking organic molecules that may %42 3%kt HEsF
be able to spontaneously assemble themselves into transistors and, on the misty edge of &%#ic ##ITs
possibility, experimenting with mysterious quantum effects that might be harnessed for EFHE  FATS
computation. Whether we are ready or not, computing power will continue its incredible

expansion and change our future in ways yet unimagined.

SHOFYITDRMEFEXRGHRE THS R ERELITTE, MERBESN-A(YFOHFD/NNEDHBIEY 28, A M oM ERM
MY, BALGETEEOBITICE>TOAEMEINS. HEFZOHEHDEDEFIRONGINERLGEHHERILOIIETLRENS,
BEELIZIO—HMTHNSIVORADIIVOGHATEEAD LI THYRRERIET 5. CORIMMGEE D THELONIZINSEEF
HGRIMEMIXECICTIHY, HoHREBILE M, BIE X, RE BAXROSEOEATEELTLS.

L2 EBBINRESZLFERDEEN B RIENGZNVGENIETHS.

RifTEEMFEIIRBRODIRTT —FTIOFveERERL, BENICISUORFZTHMAILTEHLIGERD FEERELRED, EALL
F=RIREME D EImE TR E EHICEZA 2D ELN BV HINEEFIRDERN LGN TS,
BRADEFTETOESIAVFEND, FHEEDBENRELoNGWNIEILRERIT, BRI TEGVWAETEREZEADLTHAS.
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PLAYSTATION 3

« CPUI&Cell 3.2GHz, 1PPE+8SPE

* GPUIERSX Reality Synthesizer 550MHz
e CELLIZ258GFLOPS/Chip(40000F)

- BAFE(X2000{8 M /20045 ~ 20065
o #EBRS T2 L —AR(F64GFLOPS/E X500 il 51| =40TFLOPS (50012 )
* 90nm SOI-CMOS & & 3 i

« "65nmit K DFXMEHESIET, 90nmiEKIZLERT, CellDF v TEIEZEFKI40%
BINTED.INICEKYIRM UM ATREIZE .

2019/11/24 © Renji Mikami — Mikami Consulting / Meiji University 2019 11



Cell(®/)L)7 Oty

200552 A, R TOtyH"Cell" I DN TRE TR S AL FzISSCC(EIFFE A
ZTHERRE) THEZLAR, SMMEmOIIHEESNE
Cel(V)FYZ—-Y=Z—aAVE1—RTUETAV AU IBM-REIZEOTH
EINI=RA/O0701yFTHAS. Y -—AVEL—FIFZTA A0 DAY
AT LK THAHTLVAART -3 3% 00, EmiiTLE P A—/\—10
VE AR ERRBGERIZEETHAENEESIN TS IER B TR Cell
Broadband Engine T&H 5.

Cell [X=)LFIAFCPUT, 1 DDCPUDHIZ9{ED T 014778+ 1{ED A
R 0tyya7e, sEDO T NGETAty A7 N EAEHEAT
O =7 XAY)LFA7T (Heterogeneous, IEXIFR, BFFESR).ARA7OEy Y7
(X"PowerPC Processor Element (PPE)"EREIEI, 8TBIDQ AT [ Synergistic \
Processing Element (SPE)ERFHIEND. AR —T 42T L AT L (0S)[FLinux7i &%
YR—+95.F REYV U XEKENEHRSNTEYERDRET VL
THEBDOSEELELH_ENTESD.




CELLZ Aty b=

* PowerPC—+8SPE

A& R TIZ90nm SOI-CMOS
NSO AR =2{8340075 &
E{ER K $=4.6GHz

Fv T EHE=221mm?(12mmx18mm) : ;’rz-;_i‘-";?ﬁmér. ‘ M
EREE=12V Rl =5 Sceasis 150
B8 3 #ARS (£ 2004 4F ~ 2006 4F = : :
B A B (X400 (SONY+IBM-+TOSHIBA)

PPELSPEIXZEAELEEFOCPUKYLL VT IILEGREE - TLNVS.

PowerPC G5+4°Pentium4, Athlon647E B ERT kAT A —F —FEITHEE O I F R #EF 1 DCPUL

BRY, S ENUVBA YT AESGERGRATD1— ) #EEZEEH LW ETa7E/NSKL, §rayvs
IEZEFERIBWLTWND.ZD1=8, EHLEFHEDBREFESBYMERTRENIIHRIED/ AV ACPUIZEERL SHY, #A
TEEICHIHEESN-BE#EETTH A, MIEEEDLIIAL—ay, BE, ERENMELZEIZBLTIE, BHH5H0
a7 ENFZEMESEBEAIEIZEST, CellDIEREERIES BRI EMNTES.

S JUUTR Sl Oy

of
. T -
’ ,ﬁ A

[ ] [ ]
gt 'li

2019/11/24 © Renji Mikami — Mikami Consulting / Meiji University 2019 13



PPE/SPE
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128 x 128bit General Registers
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Big Challenge #1: Small Physics

2019/11/24

Challenges

in performance,
in manufacturing,
in predictability,
in cost...

Approach Atomic Scale = Challenges
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From Computer Desktop Encyclopedia
E X 1 O 6 - 3 Reproduced uith parmission
intel Corporati
T = = -

The 386 Microprocessor S1E

No technology is more incredible than the microprocessor. Every second,
trillions of switch openings and closings occur all within a thousandth of
an inch below the surface. The older 386 chip is shown here because it
contains a mere 275,000 transistors, and you can see some slight detail.
Contemporary chips contain hundreds of millions of transistors, which at

this magnification would show up only as a sea of gray. (Image courtesy of
Intel Corporation.)

Gordon E. Moore

32E
The integrated circuit completely changed the economics of electronics. Initially we looked forward to the time %z
when an individual transistor might sell for a dollar. Today that dollar can buy tens of millions of transistors as
part of a complex circuit. This cost reduction has made the technology ubiquitous—nearly any application that
processes information today can be done most economically electronically. B RT3

No other technology that | can identify has undergone such a dramatic decrease in cost, let alone the improved

performance that comes from making things smaller and smaller. The technology has advanced so fast that | am
amazed we can design and manufacture the products in common use today.

It is a classic case of lifting ourselves up by our bootstraps—only with today's increasingly powerful computers
can we design tomorrow's chips. s
g P IR E
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From Computer Desktop Encyclopedia
= 2007 The Computer Language Co. Inc.

Intel 4004

i BidE micro processor - Twenty Five Years of Evolution

3,500 Transistors

Intel 8080

4,000 Transistors

Zilog 280 * In 25 years, the number of

6,000 Transistors

Motorola 6800 transistors on a microprocessor

8,500 Transistors

MOS Technologies 6502 chip grew from a couple of

Wy as thousand to more than five
ntel 8086

29,000 Transistors m i I I io n .
Intel 8088

29,000 Transistors

Motorola 68000

68,000 Transistors

Intel 286 Intel Pentium

134,000 Transistors

Intel 386 Pentium MMX(DSP%L TR ILF AT 47 HLER)

S Pentium [l 2R ¥y 21 AfE

e Lo I Pentium IIl RRJ—3 4 SIMDEE

Sun SPARC Pentium 4 \:l'?‘/*P’&-T::I—_PTéZD‘/FI‘/ FEARHETTD
' INYIIURFEDBLTRAAS—ET Oy OR axfEELI-

Intel 486 . .
1,200,000 Transistors NI RIX64Dbit

- MUMdlorala BowerECio01 < JLFCPUIE~ Core Duo—437—8037

2,800,000 Transistors

Intel Pentium SEREM LA FE, EEEE A

3,100,000 Transistors
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Intel®Pentium microprocessor

© 19935F AT ILEL InteIRVTA T LZEFFE AT IV DRI DR T 47 L(PENTIUM) DB FE
ch, 310 AEDRS U RIZEEELT, 7O99EEOMHzE6MHZMHY FE L T=.

* 19945 AT LA InteRRD R T AT L BAFE 2RDRUT 47 Li(Pentium) AAFHFES N, 320
ZCE%IEI%DLEC;ZQ’E%#EUC SOy EETSMHZAND, 4505 B DRSS R A5 H233MHE

« 19978 4 TIVEL Intel XD T AT LIZEFFE (Pentium )D BTSN, ENIEX750FEDRS D
REEEBELT, V0V E233MHzANG450MHzETHHYFEL =

e 19994 AT )LEL IntelN T4 T LNZERAF (Pentium INABEAFEIN, FNIFS0FDNT D
ZREEFELT, FO0v5EES00MHzN D, 20004E12(32800 A D RS R 4% ERELF-40y
HEEIGHDEDETHABHYZELTF.

« 20004 12T ILEL Intel R T4 7 LaZRRFE (Pentium A)DRRFEE, FhIF4200B DS
DRAREEELT, yOvIEELAGHz b HY FELT=



EX_106-3 33E

Microprocessors

Price dropped with size. In the early 1950s a transistor about as big as an eraser cost several dollars. By LT A
the mid-1970s, when transistors were approaching the size of a bacterium, they cost mere hundredths
of a cent apiece. By the late 1990s the price of a single transistor was less than a hundred-thousandth ~ 1/100 £+
of a cent - sometimes far less, mere billionths of a cent, depending on the type of chip. 1/1000

Today's transistors come in a variety of designs and materials and are arrayed in circuits of many
degrees of complexity. Some chips provide electronic memory, storing and retrieving binary data. & 23 EmyHL
Others are designed to execute particular tasks with maximum efficiency—manipulating audio signals &9 %
or graphic images, for instance. Still others are general-purpose devices called microprocessors. N
Instead of being tailored for one job, they do whatever computational work is assigned to them by  =kz 2
software instructions.
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Graphics Processing Unit

» GPU(Graphics Processing Unit) X [ZVPU(Visual Processing Unit)&(&, A AR
ITOOVIREDN—FRIITICLBEERRNERBA TSI 37499 RTA1Y
BZEIET.

* GPUIE, NVIDIA Corporation (nVIDIA) , VPUIE ATI Technologies Inc. I2&k2>T%
nETninaIns-.

« DA AR)I I (Geometriengine) &I, 3DCG IZHTHEZE A ERIC
TOVINIT T RIIN—FHTT7DNDETHB.

M{AZ3IDCGTRIET HME, EREELEDT—RERICAVE 1 —FRIZTES
NE=REMNLGZRITOZEBAEYHINSDD, REBIZITZRI)—2(FZ=4)
~AHETIVLENHY, FORY)—2IXEE(ZRIT)THA=80, =056
ZRITLANDFIEZLY T AN e T OBENSHH. OV ST=FRIIE X
BN EDEENVELA, CPUZHAERIAIND. FONIEEZHEAIZIT
SYTRI T RII/N—FHT7THB.



Exercise: EX 106

EX_106-1 : 23E~30E)Z&HA TMXFIEEX TMPUEIE DB ZF EH TS

EX_106-2 : 23E~30E/£ A TEMB DL AR X E 2 DEFTEDEEENTAERKESL,

EX_106-3 : 31E™33EZHA THMXFIEIEXTHBEZF LH TSN

SELEEFFERENERR) YA ,EFE>THELWTT N, FORICHNT BEXFBEFRL TS,
SE2.EXTRHEDIGEEIZRIZEBFIRY AT, T5—F v MITTESLY,
12 (& Class Web “L7R—K [ZT/KIEET
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