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Course Administration
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Preface

“The most beautiful thing we can experience is-the
mysterious. It is the source of all true art and Science.”

---Albert Einstein, What | believe, 1930




What is Computer Architecture

Application ]

In its broadest definition, computer
architectureiis'the design of the

Gap too large to abstraction/Implementation layers
bridge in one step that.allow us to implement information
processing applications efficiently
using available manufacturing
technologies.

[ Physics ]
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What is Computer Architecture

Application

Algorithm

Programming Language

Operating System/Virtual Machines

Instruction Set Architecture (IS

Microarchitectu

Register-Transi&

Gates

Devices

Physics

This course will start you

[ thinking about designing and

analyzing the underlying
hardware computer system



What is Computer Architecture

Application Application Requirement:
- B Suggest how to/improve
Algorithm architecture -
Programming Language B Provide revenue to fund 3

- - - development
Operating System/Virtual Machines

Instruction Set Architecture (IS

Architecture provides feedback to

Microarchitectu guide application and technology
research directions

Register-Transf

B Restrict what can be done efficiently
B New technologies make new arch

Physics possible

Devices




Computing Devices Then...
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Computing Devices Now

Modern computing is as much
about enhancing capabilities as
data processing!



Architecture continually changing

Improved
technologies make
new applications
possible

Applications suggest
how to improve
technology, provide
revenue to fund
development

1 Applications

* Technology [

Cost of software development
makes compatibility a major
force in market
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Performance vs. VAX-11/780

Single-Thread(Sequential) Processor Performance

100,000

10,000

1,000

100

10

40 years of Processor Performance

1980

1985

Intel i7-7I700k, 4.2 GHz (boosts tol4.5 GHz)
tel Core i7-6700k 4 cores, 4.0 GHz (boosts to 4.2 GHz)

Mulltcore or ManyCote corejg;;;g?;%sghg&::zébmsr“G”Z)

005StS to G z)

Intel C i7 4 cores, 3.4 GHz (boosts to 3.8 GHI
Intel Xeon Rgores, 3.3 GHz (boosts to 3.6 GHz) /
Intel'Xeon 4 coresNg. H
Intel Core i7 Extreme 4 cores, 3.2 G
Intel Cote Duo Extreme
Intel Core 2 Extreme 2 core¥

AMD Athlon 64, 2.8 G
AMD Athlon, 2.6
Intel Xeollh EE 3.2 GHz

1990 1995 2000 2005 2010 2015
year

[ Hennessy & Patterson, 2017 ]
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Moore’s Law Scaling with Cores

Big Core
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Global Semiconductor Market
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Figure 1.1.1: (a) The growth rate of revenue of semiconductors parallels those of the gross

world product (GWP) for the past 20 years. After the initial fast growth period around the

1990s, worldwide semiconductor sales grow at a similar rate as the gross world product.
The global semiconductor market is estimated at $450 billion USD in revenue for 2020.
Products using these semiconductors represent global revenues of $2 trillion USD, or

around 3.5% of global gross domestic product (GDP)
ISSCC2021'Feb 13



Advanced Tech nodes continue provide value

3nm .
g tby 20
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Steady progress in two-dimensional transistor scaling and a variety of device
enhancement techniques have sustained energy-efficiency improvement and device

density gains from one technology generation to the next

ISSCC2021'Feb 14



TsSMC (2022.1.13)
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Upheaval in Computer Design

e Most of last 50 years, Moore’s Law ruled

— Technology scaling allowed continual performance/energy
improvements without changing software model

e Last decade, technology scaling:slowed/stopped
— Dennard (voltage) scaling over (supply voltage ~fixed)
— Moore’s Law (cost/transistor) over?
— No competitive replacement for CMOS anytime soon
— Energy efficiency constrains everything

* No “free lunch” for software developers, must
consider:

— Parallel systems
— Heterogeneous systems

16



Today’s Dominant Target Systems

e Mobile (smartphone/tablet)
— >1 billion sold/year

— Market dominated by ARM-ISA-compatible general-purpose/processor
in system-on-a-chip (SoC)

— Plus sea of custom accelerators (radio, image, video, graphics, audio,
motion, location, security, etc.)

e Warehouse-Scale Computers (WSCs)

— 100,000’s cores per warehouse
— Market dominated by x86-compatible server chips " el
— Dedicated apps, pluscloud hosting of virtual machines | 1

— Now seeing increasing use of GPUs, FPGAs, custom hardware to
accelerate workloads

e Embedded computing
— Wired/wireless network infrastructure, printers i
— Consumer TV/Music/Games/Automotive/Camera/MP3 .

— Internet of Things! ‘ 7
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Evaluation of Expressions (ASIC v.s Processor)

App: Polynomial operat

ion

at+bh*c a+ad*c-e —
I Application ( ) / ( ) Application
I Algorithm Algorithm
| ' Programming Language
L ; perating System/Virtual Machines
| ____}E}E}E_] Instruction Set Architecture (ISA)
Microarchitecture a Q e Microarchitecture
Register-Transfer Level (RTL) Register-Transfer Level (RTL)
Gates b C d Q Gates
Circuits d AN Circuits
Devices c Devices
Physics Q % Physics
Application Specific Design General Design
(High Efficiency, Dedicated) (Programable, Flexible)
AMUiFEE: ATEGESCHIITSIE FRE: HENBREN
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Course Content Computer Architecture

Instruction Level Parallelism

— Superscalar, Out-of-Order Execution N
— Very Long Instruction Word (VLIW) ‘,\} } ~J
ftx Vd

Advanced Memory and Caches o > b
Data Level Parallelism NN

— Vector Machine, SIMD Vs -}:} :‘ ~

— GPU \/

" | / {\

Thread Level Parallersﬁl
— Multithreading . qt‘;

- MuItlr?cengMﬂlcore/ManyCore

Warehouse- Scale Computers (Request Level Paral.)
Domain-Specific Architectures (DNN Accelerator)

Intel Nehalem Processor, Core i7
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Architecture vs. Microarchitecture

“Architecture” /Instruction Set Architecture:

B Programmer visible state (Memory & Register)
B Operations (Instructions and how they work)
B Execution Semantics (interrupts)

B Input/Output

B Data Types/Sizes

Microarchitecture/Organization:

B Tradeoffs on‘how to implement ISA for some metric
(Speed, Energy, Cost)

B Examples: Pipeline depth, number of pipelines, cache
size, silicon area, peak power, execution ordering, bus
widths, ALU widths, etc.

20



Same Architecture Diff Micro-Architecture

AMD Phenom X4

*  X86 Instruction Set

* Quad Core

e 125W

* Decode 3 Instructions/Cycle/Core
* 64KB L1 | Cache, 64KB L1 D Cache
« 512KB L2 Cache

*  Qut-of-order

 2.6GHz

Image Credit: AMD

Intel Atom

*  X86 Instruction Set

* Single Core

e 2W

« Decode 2 Instructions/Cycle/Core
 32KB L1 | Cache, 24KB L1 D Cache
* A 512KB’L2 Cache

* _In-order

. 1.6GHz

.....

14 141414141414

Image Credit: Intel
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Diff Architecture Diff Micro-Architecture

AMD Phenom X4

X86 Instruction Set

Quad Core

125W

Decode 3 Instructions/Cycle/Core
64KB L1 | Cache, 64KB L1 D Cache
512KB L2 Cache

Out-of-order

2.6GHz

Image Credit: AMD

IBM POWER7?7

. Power Instruction Set
* Eight Core

 200W

* Decode6| @: Cycle/Core
 32KB rQQ 2KB L1 D Cache
. 5& ache

f-order

.25GHz

Image Credit: IBM

Courtesy of International Business Machines
Corporation, © International Business Machines Corporation.
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Where do Operands come from and
Where do Results Go ?

—
o
)]
7]
Q
o
o
-

o

MEMORY
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Where do Operands come from and

Where do Results Go ?

108598920.1d AJONIN

10SS920.g AJONIN

10SS920.1d AJON3N

10ssa%0.d
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Where do Operands come from and
Where do Results Go ?

Processor
Processor
Processor

—
o
)]
2]
(]
o
o
-

o

MEMORY
MEMORY
MEMORY

Number Explicitly 0 1 20or3 2or 3

Named Operands
25



Stack-Based Instruction Set Architecture(ISA)

Burrough’s B5000 (1960)

e Burrough’s B6700

e HP 3000

e |CL 2900

e Symbolics 3600

¢ |Inmos . Transputer

Modern

e Forth machines

e Java Virtual Machine

e Intel x87 Floating Point Unit

—
o
2]
/)]
Q
]
o
fut
o

MEMORY
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Evaluation of Expressions

(a+b*c)/(a+d*c-e)

AN
S B

C a

g C

27



Evaluation of Expressions

(a+b*c)/(a+d*c-e)

OVQ(L%

I Evaluation Stack

52
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Evaluation of Expressions

(a+b*c)/(a+d*c-e)

£ n

oSP

O
a \
A "

d
A\
.., R
Rever?t)@é%+adc*+e~/

Evaluation Stack
push b



Evaluation of Expressions

(a+b*c)/(a+d*c-e)

oL
{;iq ﬁ‘g i
: @?0

Evaluation Stack

@%‘Q\\)

Rever
?Dc*+adc*+e /

push e



Evaluation of Expressions
(a+b*c)/(a+d*c-e)

:1
Q Q
«

@@w i--9<-

*+adc*+e-/ .
] Evaluation Stack

multiply




Evaluation of Expressions

(a+b*c)/(a+d*c-e)

Bt

‘Q@\\)

Rever?b
c*+adc*+e /

add

Evaluation Stack



Evaluation of Expressions

(@a+b*c)/(a+d*c-e)

Q,QrL%

Reve rg@%ﬁ;\\) £

Evaluation Stack



Evaluation of Expressions

(a+b*c)/(a+d*c-e)

3

d ¢

Reverse, Polish %

abc*+adc*+e-/ ,
[ Evaluation Stack
add




Hardware Organization of the Stack

Stack is part of the processor state
= stack must be bounded and small
= number of Registers, noti the size of main memory
Conceptually stack is unbounded
=a part of the stack“is-included in the

processor_state; the rest is kept in the main memory

35



Stack Operations/Implicit Memory References

Suppose the top 2 elements of the stack are kept(in registers and
the rest is kept in the memory.

Each push operation = 1 memony reference
pop operation = 1 meémory reference

Better performance by keeping the top N elements in registers, and
memory references.are made only when register stack overflows or
underflows:

36



Stack Size and Memory References

program stack (size = 2) memory 5ﬁ)

push a RO

push b RO R1

push ¢ RO R1 R2 «‘5 (a)

* RO R1 \I\'B f(a)

+

push a RO R1 @

push d d ss(a+b*c)

push = \50 R2 R3 c, ss(a)

(\Q\ R1 R2 sf(a)

RO R1 sf(a+b*c)

pu@g RO R1 R2 e, ss(a+b*c)
RO R1 sf(a+b*c)
RO

Four Store and Fetch
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Stack Size and Memory References

a and c are
“loaded” twice

=

not the best
use of registers!

?

e‘\g

program
push a
push b

push ¢ —
*

+
push a

p
C_

push e

/

stack (size = 6(?/%

RO Rk
0 R1

RO R1 R2

RO R1 R2 R3

RO R1 R2

RO R1

RO R1 R2

RO R1
RO
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Where do Operands come from and
Where do Results Go ?

—
(o)
7]
W
Q
o
o
et

o

Processor
Processor

—
o
)]
2]
(]
o
o
-

o

>= o= >= >=

(1 14 (1 (14

O ) @) O

— = — =

L L LLl L

— = — =
Push A Load A Load R1 A Load R1, A
Add Store C Store R3, C Add R3, R1, R2

Pop C Store R3, C 39



Classes of Instructions

Data Transfer

— LD, ST, MFC1, MTC1, MFCO, MTCO
ALU

— ADD, SUB, AND, OR,_XOR, MUL, DIV, SLT, LUI
Control Flow

— BEQZ, JR, JAL,.TRAP, ERET
Floating Point

— ADD.D,,'SUB.S, MUL.D, C.LT.D, CVT.S.W,
Multimedia (SIMD)

—--ADD.PS, SUB.PS, MUL.PS, C.LT.PS
String
— REP MOVSB (x86)

40



ISA Encoding

Fixed Width: Every Instruction has same width

* Easy to decode

(RISC Architectures: MIPS, PowerPC, SPARC, ARM..)

Ex: MIPS, every instruction 4-bytes

Variable Length: Instructions can vary.in\width

 Takes less space in memory and-caches

(CISC Architectures: IBM 360, x86;, Motorola 68k, VAX...)
Ex: x86, instructions 1-byte-up to 17-bytes

Mostly Fixed or Compressed:

* Ex: MIPS16, THUMB (only two formats 2 and 4 bytes)

* PowerPCand some VLIWSs (Store instructions compressed,
decompress into Instruction Cache

(Very) Long Instruction Word:
* Multiple instructions in a fixed width bundle
 Ex: Multiflow, HP/ST Lx, TI C6000

41



Case study: X86(1A-32) Instruction Encoding

Instruction Opcode ModR/M Seale, Inve, Displacementimmediate
Prefixes Base
f
IL:'JIEJe;i?(eSur 1,2,or3  1byte 1 byte 0,1,2,or4 0,1,2,0r4
bytes if needed if needed bytes bytes
ibye Y ( A ) by v
each)

x86-andx86-64 Instruction Formats
Possible instructions 1 to 18 bytes long

42



RISC-V Instruction Encoding(1)

31 30 25 24 21 2019 15 14 1211 8 76
funct? rs2 rsl funct3 rd opcode
imm[1]1:0] Sl funct3 rd Qpcode
imm[1l1:5] rs2 rsl funct3 | imm[4:0] opcode
imm[12]10:5] rs2 rsl funct3 fimm[4:1711] opcode
imm[31:12] rd oPcode
imm[20]10:1|11]] imm[19:02] rd opcode

* R-Format: instructions using 3 registerinputs &:
— add, xor, mul —arithmetic/logical ops
* |-Format: instructions'with immediates, loads

—addi, 1w, \Jalr, slli
* S-Format: store instructions: sw,

* SB-Format: branch instructions: beq, bge
* U-Format: instructions with upper immediates
— lui, auipc —upper immediate is 20-bits

* UJ-Format: jump instructions: jal

sb
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® ARITHMETIC CORE INSTRUCTION SET
Reference Data  RV64M Multiply Extension

MNEMONIC FMTNAME
DESCRIPTION (in Verilog) NOTELf B g
Rfrd] =R[rs1] +R[rs2] I e R MULply per Half  Rird) = Rt} * Rz 12760
R{rd] = RIrs1] + imm D muna o ®tf
e \ RIrd] = R[rs1] & R[rs2] g e 2 R = (Rrst) * Rn2X127:60)
ew open-source, license-rree - i wder . :
) U Add UpperImmediaie 0 PC. R[rd] = PC + {imm, 12760} diva R DiVide Unsigned Rird] = Rirs1)/ Rfn2])
R i 1]==R{[rs2) B! - ford
sB Branch EQual ;«CE(PECI?mlL.lb'O) = 2 S

ird]
REMainder Unsigned (Word) Rird] = (R{rs1] % R{r])

; Greater than or Equal if(R[rs1]>=R[rs2) RV64D i <t
IS A s 5B/ Branch PC=PC+{imm,1b'0} &S P;:‘(\E:;nm = Fird] = MIR{rs1 i
e‘ : Branch > Unsig If(R[rs]>=R(rs2) B 1) 'y A
B by PC=PC+{imm,1b'0} : f:;;‘wwl MIR{rs1J+iomen) = Fird) n =
Flrd] = Flrs1] + Fir2)
SB Branch Less Than b. .d R SUBtract (rd] = = &
Than Unsigned Flrd) = Flrs1] - F[rs2] 7
SB Branch Less 1.s, fmul.d R MULtiply Fird] = Flrs1] * Frs2] 7
. SB Branch Not Equal iv.s, fdiv.d R DIVide Flrd] = F{rs1) / Fles2]
o 1 Cont/StatRegRead&Clear foqrt.3, Saqetd R o il n
I Cont/Stat.RegRead&Clear fmadd. s, fmadd.d R Mul [rd) = Flrs1] * Frs2] + Fles3] 2
Imm fmsub. s, fmsub.d R Multiph
BEDCE ey ultply-SUBtract Flrd] = Flrs1] * Fin2] - Fls3]
csrrs. I Cont/StatRegRead&Set funsub.s, fmnsub.d R Negative Mal Fird] = ~Ffrs1] * Fi ) ;),
csrrsi 1 fmnadd.s, fmnadd.d R Negative Multiply-ADD Flrd] = (F[rs1] * Frs2] + F[rs3]) 7
/59 R SiGN source Flrd] = { Flrs2}<63>Flrs1}<62.0%) 7
csozw i
i R Negative SiGN source Fird] = { (-F{r2}<63>), 7
csrovi Flrs1]<62:05)
. R Xor SiGN source. Fird] = {F[n2}<63>F[rs1}<63>, 7
ik Transfer control to debugger Flrsl}<62:0>}
i Transfer control to operating system R MiNimum i}lﬂl;lﬂmlﬁF(n:l)‘!ﬂnl]v )
rs2]
. Synchronizes threads c.d R MAXimum Fird) = (Fles1] > FIn2]) ? Flss1] b
[ ] O a e Synchronizes writes to instruction e
r rI O r a GEVGE! S ( ) stream feq.s, feq.d R Compare Float EQual RIrd] = (Flrsi}== FIrs2]) 2 1:0 7
R{rd] = PC+4; PC = PC + {imm,1b'0} f (£l R Compare Float Less Than  Rrd] = (FirsI}<F[r2D 2 1:0 7
Jump & Link Register R[rd] = PC+4; PC = R[rs] [+imm 3) fle.s, fle.d R Compare Float Less than or = R{rd] = (FIrs1}<= FIn2})71:0 7
1 Load Byte R[rd] 4) s (fclass.d R Classify Type R{rd] = class(Flrs1]) 78)
. {56BM[)(7).M[R[rs 1 [+imm](7:0)} n ¢, Emv.d.x R Move from Inieger Fird) - Rirs1] 7
Com l l In S S em rom I Load Byte Unsigned R{rd] = (S6b0.MIR[rs]J+imm](7:0) x5, tuv- R ors < i Rl o] n
’ I Load Doubleword Rird] = M[R[rs!]+imm}(63:0) R Convert from DP to SP F{rd] = single(FIrs1])
1 Load Halfword R[rd] = 4 fovt.d. R Convertfrom SP to DP Fird] - double(F[ss1])
{48'DM(15),M[R[rs1 [+imm](15:0 i R Conver from 32b Integer  Flrd] = float(RIs1}31:0)) 7

pLYY 1 Load Halfword Unsigned R[rd] = {48'b0.M[R[rs] }+im R Convert from 64b Integer Flrd] = float(R[rs1X63:0)) b)Y

. ) p ¢
lui U Load Upper Immediate R[rd] = {32bimm<31>, imm, 12'b0} t.d.wu R Convert from 32b Int UnsignedFird] = floatRrs1 }31:0)) 27
| I Load Word R[rd] 4 t o R Convert from 64b Int UnsignedFird] = float(R[rs1)(63:0)) 27

1 {32BM[J31),M[R[rs1 J+im R Convertto 32b Integer Rrd)(31:0) = integer(Ffrs1]) b))
[ lw I Load Word Unsigned R[rd] = {32'b0,M[R[rs! ]+imm}(31:0)} M L olsspelar L i
g EROK RUAIERIrs L Rirs2] t . R Convertio 32bInt Unsigned  R{rd)31:0) = integerCFirsi]) 27
S u p e rCO m p u te rS | et B8R OR Immedizte Rird] = R[rs1] | imm e et e T S e
b S Store Byte M[R[rs1]+mm}(7:0) = R X et
it S Store Doubleword MR[rs1J+imm](63:0) = R[rs2}(63:0) . 3 ADD Rird] = MIRGSUL 9
! S Store Halfword M(R[rs! J+imm](15:0) = R[rs2](15:0) I T nﬁ:rr\;}";r’gﬂ:ﬂnmlml 8
| sislle R ShiftLeft (Word) R[rd] = R[rs!] << R[rs2] 1) A . MIR(s)] = MIR{s11] & Rir2]
. ° 0 Sli,slliw [ Shift Left Inmediate (Word) R(rd] =R[rs1] << imm )] .w,amomax.d R MAXimum :{;jm ftir!lx'éx’rlln‘ummmn 2 9)
[ J | s R SetLess Than R{rd] = (R[rs1] <R[rs2]) 2 1 : 0 i i R Rl R, : o
= I N I a n - I st I SetLess Than Immediate  R[rd] = (R[rs1] <imm)? 1 : 0 Mg k 8 ) MR MR %
’ ) | oletu I Set<Immediate Unsigned  R(rd] = (R[rsl] <imm)? | : 0 2) mondn.w,anomin.d R BRI s
sltu R Set Less Than Unsigned R{rd] = (R[rs1] < R[rs2]) ? 1 : 0 2) Amominy. W, am R MiNimum Unsigned ﬁ’:{'ﬂ\l‘fk\[:fii‘:\ulkilkln\u-Nlﬂl 29)
. ) - . . | sre,sraw R Shift Right Arithmetic (Word) R[rd] = R[rs1] >> R{rs2] PR e o R OR R{rd) = M{Rfrs1 ]} 9
szai,scaiw | Shift Right Arith Imm (Word) Rird] = R[rs1] >> imm 1.5) ;‘|:}.:|3lk(>':|ﬁ{um[ﬂﬁl:1_ i 9
Va rl a n S We re u SI n - I I n I Jacle R Shift Right (Word) R[rd] = R[rsl] >> R[rs2] 1) moSwap. W, A R :vgkw R:mem“. 2] 9;
stli;sclix | Shift Right Immediate (Word) R{rd] = R[rsl] >> imm T e i B MIR{s1]] = MIRII > Rie2]
[ sub, subw R SUBtract (Word) R[rd] = R{rs!] - R[rs2] 1) r.w dr.d R Losd Reserved i@l.\ﬂﬁ‘mwu
. 3% S Store Word MR[rs] +imm](31:0) = R[rs2](31:0) e i T rancrved, ML =R
class, textbook uses 64-bit e e o
- xori I XOR Immediate R[rd] = Rrs!] ~ imm 5
’ R s oo i 35 it of 611 e CORE INSTRUCTION FORMATS

27 .26 .25 2420/ 31952 11 7 6 0

2). Operation assumes unsigned integers (instead of 2's complement)

3) The least significant bit of the branch address in jalr is set 10 0 R funct? [ m2 sl functy o Qpcude
3 (signed) Load instructions extend the sign bit of data 1o il the 64-bt register 1 imm11:0] s funct3 d Opeode
e 9 Replicates the sign bit to fill in the lefimost bits of the result during right shift s Tmm11:5) I 2 sl functd imm[4:0] opcode
With one operand signed and one unsigned s X 1 func3_|imm{4:1{11]| opcode

The Single version does a single-precision operation using the rightmost 32 bits of a 64- SB imm{12[10:5] [ w2 L) L =
 bit Fregister v imm(31:12] rd opcode

). Classify writes a 10-bit mask 1o show which properties are tru (e.g. ~inf; -0,+0, *inf, us imm(20[10:1]11]19:12] rd

mie memory operation; nothing else can interpose itself between the read and the
e 5 ‘the memory location
mediate field is sign-extended in RISC-V

http://www-inst.eecs.berkeley.edu/~cs61c/fa18/imqg/riscvcard.pdf 44




Real World Instruction Sets

Alpha

ARM

MIPS

SPARC
T1 C6000
IBM 360

x86

VAX

Mot. 6800

Reg-Reg
Reg-Reg 2
Reg-Reg 3
Reg-Reg 3
Reg-Reg

Reg-l% 2
Mem-Mem 3
Accum. 1

0

0

A\gb‘“
Reg- Merrb(\\b\

1

1/2

64-bit 32
32/64-bit 16
32/64- uf\>3\
/'\

C\ 4- blt 24-32
32-bit 32
32-bit 16

8/16/32/ 4/8/24
64-bit

32-bit 16

8-bit 0

64- blt(?)
('L -blt

32/64-bit

32/64-bit
32-bit
24/31/64

16/32/64

32-bit

16-bit

Workstation

Cell Phones,
Embedded

Workstation,
Embedded

Workstation
DSP
Mainframe

Personal
Computers

Minicomputer

Microcontroler
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Why the Diversity in ISAs?

Application Influenced ISA

e |nstructions for Applications
— DSP instructions

e Compiler Technology has improved
— SPARC Register Windows no-longer needed
— Compiler can register allocate’ effectively

Technology Influenced ISA

e Storage is expensive, tight encoding important
e Reduced, Instruction Set Computer

— Remove instructions until whole computer fits on die
e Multicore/Manycore

— Transistors not turning into sequential performance
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Recap

Application

Algorithm

Programming Language

Operating System/Virtual Machines

Instruction Set Architecture (IS

Microarchitectu
Register-Transﬂ&

Gates

Devices

Physics

ISA vs Micro-Architecture
ISA Characteristics

* Machine Models

* Encoding

* Data Types

* |nstructions
 Addressing Modes
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And in conclusion ...

e Computer Architecture >> ISAs and RTL

e Computer Architecture is about interaction of
hardware and software, and design of)appropriate
abstraction layers

e Computer architecture is,shaped by technology and
applications

e Computer Science at the crossroads from sequential
to parallel computing

— Salvation requires innovation in many fields, including computer
architecture

e Read Chapter 1 & Appendix A for next time! (6")
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Next Lecture. RISC-V ISA, Datapath & Control

(ISA and Micro=Architecture)
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