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review-14$gg

- EEEEE
— NEAZEY/E] (response time)
— MR (Throughput)
« CPUHATHIE =IC x CPI x T
— CPI ( Cycles per Instruction)
« MIPS = Millions of Instructions Per Second

* Latency versus Bandwidth
— Latencyf§EEMESHIAITHTIE], Bandwidth $5ERAATBIFEREVES E (rate)
— Latency RURFHBE T AR (FEITERI304F)
« Amdahl’s Law FRESNHELL (speedup)
— MEERASZ IR TES el IEER D A G HIELH]
— giﬂé?%%ﬂﬁﬁéﬁﬂ’ﬂgzﬁﬁiiﬁz ELEERNATAET, EIEREEE RSN MERER
>
« Benchmarks: IE—HBFNiXaIIER
- WEATENEZERMEE (BAYY. BNy, JUaYY)
— SPEC benchmark : 1X0—4HN LS MHEE[ERFISPEC ratios BYJ 1A 1Y
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review-geit/Ih5E

- IRERFIEN FaefEi), fEliEs, 15nlE
YRR IR E.
- NFECERARFNTHERLIRSE 22—
— A chip might be limited to 120 watts (cooling
+ power supply)

« Power Consumed = Dynamic Power +
Static Power

— BRIRES
- BT R ETFHSIRF

ARAVYIIRSEIIIFE TN

S SRR A5 SI0FE

. BTSRRI
. B AT PR LFERNLEE
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2.1 ISARE RS
ISAFREETEARIE XAl :
N Y]l =
EE IFRLIR(E
SNEEEIE S HATRYIR
=< AIRASIa)RR

2.2 ISARIINEEIRLT

2.3 ISARYSEIR
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Recap: 18558

R FRZ R SEEFRRACERE softwareﬁ/ \in
—HEEREFNTHES, 8

||||||||||||||||

---------------- |nstruct|°n Set

- EFRTIAsSRSs 00020200 R
- BEFRRAUAESES(EFRREHES)
MEFEYE (TMIEER)

- PR

- fEnElE

— ZEMMNBEMSEII S s, LUMREER (backward) RS

- oy EZE: aTRETARMNASE (desktops, servers, embedded applications)
- RN FrEERBIAHRS S RAEESE

- ZTRE/REAHE. NEERERIRIT SHARMTSERITIAE

— H8E: HEEEFEGFEASIEEI

IBM 360 RE— MEISASHSEMSERRTIN

- BE—PISA, FLBARNEISGTC; AIIAMD/Intel CPU ZEZEX86-6445S 5.
ARM ISA B EAREIRIEI 5T

hardware
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FAPZRISAFIHFINERISA

Application Software

System Calls

System ISA

v \ 2 |
Operating System |
|

User ISA
ISA

Hardware

- EENRFERI

(a)

Application Software

System Calls

Operating System

System ISA User ISA

Hardware

(b)

4l (System Interface)

— ISARM@E (Instruction Set Architecture)
— ABISRE (Application Binary Interface)

i ISA: )

FHRRISA +ISHERISA

- APRISA ERTERERFMNRER
— FNRISA ERTEGRFNERE (BIFRE)
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ISARYSCIR

- ISA EBERITRSSEISENRMPRENE (E1) B

— Accumulator >

hardwired, unpipelined (BEfpZz. IEHRIK)

— CISC = microcoded ({IFEF)
— RISC = hardwired, pipelined (FfpZk. Fikek)

— VLIW :> fixed-latency in-order parallel pipelines (EE3ERT .
J”m}-‘%j:;:l//fi- y z. \IJlekéig:F )
— JVM — software interpretation (ER{4#ERE)

- ISA I2ig ErJL)|

— Intel lvy Bridge:

HIT RIS RGNS (SCR) B

hardwired pipelined CISC (x86) machine (with

some microcode support) (FBfZTRXKt (BIDNERESRE) )
— Spike: Software-interpreted RISC-V machine (#&=#\88)

— ARM Jazelle: A

2021-3-22
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ReCap: ISARYEH

Single Accumulator (EDSAC 1950)

Accumulator + Index Registers
(Manchester Mark |, IBM 700 series 1953)

Separation of Programming Model
from Imp!ementatlon

_____
......

High-level Languége Based Conr;ept of a Family
(B5000 1963) _ -~ (IBM 360 1964)

~~~~~

LoadIStore Architecture
(QDC 6600, Cray 1 1963-76)

Complex Instruction Sets, CI3C
(Vax, Intel 8086 1977-80)

RISC
(Mips,Sparc, IBM RS6000, . . .1987+)

VLIW

Cydra-5 1983, Multiflow 1984,
TMSC6X 1996, Intel EPIC 1997
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Recap: ISA HIiE#H

Accumulator Stack Register-Memory Register-Register
Processor Processor Processor Processor
> —> <
V D <M D D
——> | | |[TorHPD N — D
h 4 h 4 h 4 A 4 W
Ei X_i
o ALU o ALU ; ALU o ALU
& < £
E :n:_l :Eﬂ
L . —>
Memory Memory Memory Memory
Load A Push A Load R1, A Load R1, A
C=A+B AddB Push B Add R1, B Load R2, B
Store C Add Store R1, C Add R3, R1, R2
Pop C Store R3, C
xhzhou®@ustc 10
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Recap: ISAw: /i BRRLEG<Pa?

Instruction |
o . IESHERRRBA. NERE?
I . ? 1’E§515FIH MEGERIEIRAE
Instruction - ;}/jlﬁi_égzt} By~
D d - 2 | ?L <
T ~ TEhESRIR R
Sprand - BRI B e
Fetch _ %'-iﬂjj_fﬁ
Execute | . ppygsemImIA:
Result ) i;ﬂ'ﬂmnbi\rgﬂt
. T—238
Store — jumps, conditions, branches
! — fetch-decode-execute is implicit!
Next
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Campilar

- FhEsRIUL

- BFMEZIRIRBI S K
* PRSZISRSR(E

- EHEERES

- I8<SiER

A 5 ] nof a [ 3 fi &
processor gets instructions and data from memary. [nput wril ta to memary, and output e ta from
memory. Control sends the signals that minet ions of the datapath, memaory, input, and ou
= - [~
%1€ (OPCODE) EHT##{F¥ (OPRANDS)
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Recap: fFfigssSL

» SOFELLRNLFrrBENRNEFf=R il EIRF pimilt
. —AMFESEHEERTLLAIE:
— —ANFH. 2NFD. ANFD. BEFED.L
AR RGEENFHEN =R ERY
— 16Q:== (Intel X86) 32fii== (MIPS)
WNEEE3 205, FRThAEE
- BIR—=F1, TUR=R,; 8IR—1=F, —IX55hk
[ -
(1) A=t iR eI EI= bt (RikIARR)
(2) —FEEUUEREERAI=THAR EFIFFaE)
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Recap: FEim|a)l

- little endian, big endian, TET—/ = I#I*KEI‘.I 51l EA

x+3 X+2 X+1

1. Little Endian byte ordering [Byte 3 [Byte 2 [ Byte 1 Byte() 32-bit Register

< Memory address X = address of least-significant byte (Intel x86)

X x+1 X+2 x+3

2. Big Endian byte ordering [Byteo[Byte 1| Byte 2 | Byte 3| 32-bit Register

< Memory address X = address of most-significant byte (SPARC)

nittiExxx003§E 7 —1NF (int) , FEHESZRMOOx004L
ELEEFRLFF0000, NMIBFATHHA:

— Little endian Fz{ FTxxx00ERFHRIEFT, BEE/90000ffff, Intel
80x86, DEC Vax, DEC Alpha (Windows NT)

— Big endian AL Txxx00ERFHEEF T, BHIE/9fff0000, IBM
360/370, Motorola 68k, MIPS, Sparc, HP PA
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Recap: X33FIa]RT

MsFHRIRIFIGEMUEAA, WMRA mod s =0 FRAFBHRIIFT.
BRFHERERFHEBEFIFESHER, FitsarBEEEEMmENRR

T, WFARBFAIFFRIIRID I ESEFERRRIARXIGE, AR
BiEHARENY. ERERE)

Address mod 8 0 1 2 3 4 5 6 7
Byte Aligned [ Aligned | Aligned [ Aligned | Aligned [ Aligned | Aligned | Aligned

2 Bytes Aligned Aligned Aligned Aligned
2 Bytes - Misaligned Misaligned Misaligned |Misalign
4 Bytes Aligned Aligned
4 Bytes Misaligned Misaligned
4 Bytes Misaligned Misaligned
4 Bytes Misaligned Misalign
8 Bytes Aligned
8 Bytes Misaligned

LVL |-V~ cLL

Xhzhou@ustc




Recap: ST

- SHBI: ERIBEIBRIART SR It
- Buitil: AIUBANIRBIFE—FERTAISEIrFERRLE. Bttt vs. ¥IEitE

—

Mode Example Meaning When used
Register Add R1, R2 R1 < R1+R2 Values in registers
Immediate Add R1, 100 Rl < Rl + 100 For constants
Register Indirect | Add R1, (R2) R1 € R1 + Mem(R2) R2 contains address

Displacement

Add R1, (R2+16)

R1 € R1 + Mem(R2+16)

Address local variables

Absolute

Add R1, (1000)

R1 € R1+ Mem(1000)

Address static data

Indexed

Add R1, (R2+R3)

R1 € R1 + Mem(R2+R3)

R2=base, R3=index

Scaled Index

Add R1, (R2+s*R3)

R1 € R1 + Mem(R2 + s*R3)

s =scale factor=2,4,0r 8

7 R1 € R1 + Mem(R2) Stepping through array
Post-increment | Add R1, (R2)+ R2 € RO + s o olan et siie
el daprarient Add R1, -(R2) R2 € R2-s Stepping through array

R1 € R1 + Mem(R2)

s = element size

2021-3-22
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Meamaory indirect

Sealed

Reqgister indirect

Immeadiats

Displacemeant

TeX
spica
s [+l
TekX
apice
o
Tax
apice
o
Tax
apice
o
TeX
spica
s [+l

16%:

249%:

S5
. 402

209 a0 4% S0 (=11
Frequency of the addressing modea

=ANSPECBIEFIEVAXLEHE LRGSR :

VAL, (RBIIILERRS
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{Riz 5L

- FEPRE: (REEE (RBENKD)
40%
35%
30%
25%

Percentage of 20%
displacement 159%

10%
5%
0%

o 1 2 3 4 5 6 7 8 9 101112 13 14 15

Number of bits of displacement
Alpha Architecture with full optimization for Spec CPU2000, showing the
average of integer programs(CINT2000) and the average of floating-point
programs (CFP2000)

2021-3-22 xhzhou@ustc 19



209, :
Loads ! !

H Floating-point average
O Integer average

ALU operations
P 259

All instructions
21%

0% 5% 10% 156% 20% 25% 30%
Alpha Architecture with full optimization for Spec CPU2000, showing the

average of integer programs(CINT2000) and the average of floating-point
programs (CFP2000)
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37 RPETAY A/

45

1
\

35 ]{
» A

l \ Floating-point average

40

ParcentZd

immediates | l \
i T I

Integer average

o 1 2 3 4 5 & 7 &8 9 10 11 12 13 14 15

Mumber of bits needed for immediate

The distribution of immediate values. About 20% were negative for CINT2000 and about 30%

were negative for CFP2000. These measurements were taken on a Alpha, where the maximum

immediate is 16 bits, for the spec cpu2000 programs. A similar measurement on the VAX,

\tlnhicr1|651éptported 32-bit immediates, showed that about 20% to 25% of immediates were longer
an its.
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= 31| WAl WAN 2
- BERNITIUHI:

— w3 A=, SZRPES AT, SiFesEiA =
— SPECN\Z=EA, {FRMEIXER] 75%--99%
 (RIBFERRIXRINDRIZTE 12 - 16 bits
— AliwE 75%-99%HRIYFEK

- MBEPENFERRIKRIRLZIE 8 -16 bits
— B2 50%-80% 1 E 5k
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R FEHY

R R

- RIFREMIRFARFENEHNEEREZ—.
- REERE): EEMRNA. ERRERFATLIER

ShEgiESRE,

- BE TR FH. PR DELRE

- SR RO AR A RRROIRIS, —
KA RO

~ BUEMIIRE R, THECETRA

- IRIFERTR: IRMERENRRRERTE, 8BS
AEiSiHal, ESRAITLERERNRTEN

— A [FRS. R, M3
— Fm: |EEE 754454

— il . BCDRY/ iSHHEsIRms

2021-3-22
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= R PR

ASCII character = 1 byte (64-bit register can
store 8 characters

Unicode character or Short integer = 2 bytes =
16 bits (half word)

Integer = 4 bytes = 32 bits (word size on many
RISC Processors)

S.in%le-precision float = 4 bytes = 32 bits (word
size
Long integer = 8 bytes = 64 bits (double word)

Double-precision float = 8 bytes = 64 bits
(double word)

Extended-precision float = 10 bytes = 80 bits
(Intel architecture)

Quad-precision float = 16 bytes = 128 bits

2021-3-22 xhzhou@ustc 24



ERAEEHI R/

Double word
(64 bits)

Word
(32 bits)

28 %

O applu

H equake
Half word i

(16 bits)

Byte
(8 bits)

0% 20% 40% 60% 80%  100%
EHERAEEE: (1) MWEBREF, WFAIHELRREEERSRISTEE
(2) ZIF6MUMFIRME, ERE—MIE
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EHISRIE<S

“%EP SRBURATIEHIRER -

1449337 ( Conditional branch) BEE(Jump). SFEEA
(Procedure calls). ;9#2iR[E](Procedure returns)

H Floating-point Average
O Integer Average

cond.branch - ?,BI'QE v

0% 25% 50% 75% 100%

Frequency of branch instructions

Alpha Architecture with full optimization for Spec CPU2000, showing the average
of integer programs(CINT2000) and the average of floating-point programs
(CFP2000)
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EHIRSIE < RIS T

« PC-relative AT\, (fBXJ31i)
— 50 KR
. g&ggfn?gngﬁﬁztmnw I\ (B HFsaiE
— RERNAFE Biritit, BRHTIIEISRE
« Case or switch statements
« Virtual function or methods
« High-order functions or function pointers
« Dynamically shared libraries
— %ﬁégﬂﬂﬂﬁﬁﬂ%—%}ﬁ%ﬂ , B EFasEx

2021-3-22 xhzhou@ustc 27




i EiReiIt S SRe<SHIE R

25

20

nteger EW Floating-point
15 / \ average
10

%r' X

2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 2(
Bits of branch displacement

Alpha Architecture with full optimization for Spec CPU2000, showing the average
of integer programs(CINT2000) and the average of floating-point programs
(CFP2000)

#i: PC-relative Jilt, {miZithllkZE/18(x
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MNot equal

Greater than or Equal 1125

B EE EE e EEE RS
e EE R s R R
R R ]

Greater than

Hl Floating-point Average
O Integer Average

Less than or equal

Less than

He == === a-!n
&

2021-3-22

20% 30°% 40% 50%

Frequency of comparison types in branches

Alpha Architecture with full optimization for Spec CPU2000, showing the average of
integer programs(CINT2000) and the average of floating-point programs (CFP2000)
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1B IR

Variable:

Fret: [

Hybrid:

2021-3-22 xhzhou@ustc 30



IESTETVAER

- MRABEMEREE, ﬂBAEFEzﬁ?E@’I‘%:‘:C

- MRIEEEXEER, FHEERERS

- BEEANCPUMINNAIEIRIN, HEB—NAECIE
FlEgEdEliEE

- RESTHSE/ IR, TSRS AR,
S B R ELUR SUHHER, TRRESHIRISCit
Rl

— f5l40: RISC-V By RV32IC, CERE4EER
— ARM Thumb , microMIPS

- B = EREBIITIBEENBI
— {5I1G0 1BM ByCodePack PowerPC
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Accumulator

Stack

Processor

Processor

R
>

\>I

e
—
(=

Processor

P
>

Load/Store

—— Push/Pop

v

C=A+B

2021-3-22

Memory

Memory

Memory

Load A
Add B
Store C

Push A
Push B
Add
Pop C

xhzhou@ustc

Load R1, A
Add R1, B
Store R1, C

Register-Memory Register-Register

Processor
>
D

Store
fg
—
=

I_ LOB.d:"'
v

Memory

Load R1, A
Load R2, B
Add R3, R1, R2
Store R3, C

32
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4t -

“A. THY =A<

ISATRE BRI
— Class of ISA
— Memory addressing
— Types and sizes of operands
— Operations
— Control flow instructions
— Encoding an ISA

SutE
- %;E%E’\Jé}ijt)‘i I (RS, MRMEIS UG T, Sasiait
I

- SPECHUIZRER, (ERMIEAE! 75%--99%
~  [RBFERRIAR/NRIZAE 12 - 16 bits, AIEHE75%-99%RIFEK;
—  MBEPEFERAIA/INNIZIE 8 -16 bits, AIEES50%-80%HIFENK

IRIEENRYSRBIFIR ) : Weasr, WMFRIEIZHINRERBITE,

ZIF6AINFIFE, ERE—MRIE
s RIES

BemIS (F8<SE)
PRSZFFASIRIE

xhzhou@ustc

SR

!

Instruction
Fetch

Instruction
Decode

!

Operand
Fetch

Execute

Result
Store

!

Next
Instruction

33



- [RIBE—MREEEEHASIFRESH, REFZ BRI,

R —XREFZ 20040 EHE, TREEREIERZ41 WA
. MREEEERFPE 10%H‘Jﬁn§ RME, REMEFRIINELL? 20
%7540%&9%,5 RME, RIEMEFHILELLNEZD?

- [EE—ITRIESETREN—IEFN, B90%NiRATFLIER—=
HENTE. IWBAFZRTEIERGIEeIESEIRFRAY106E,
— WNRIZIEFEREANEE EIZfTE1007, BPAZEFEXH RIS iz
1TRgEIRZ?
— FHIRGEN T RRNEFINELLE S D ?
- EFIRST, FREENTE A2 MTRENLESD?

TR 1, 7€ 2. BRMIE
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