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RAH, Family

Machine
HEHL 1 R 1 TR TENO & Fed i iead el
PCHIPC XT 1981 8088 1647 PCL 4k 20{ir
PC AT 1982 | B0286 1647 AT (ISA) 247
80386 PC 1985 | B0386 324 ISA/EISA 321
80486 PC 1989 | 80486 3241 ISA+VL 320
Pentium PC 1993 Pentium 324z ISA+PCI 324
Pentium IT PC 1997 | Pentium I 324 ISA+PCI+AGP 324z
Pentium IMIPC | 1999 | PentiomIIT | 324/ PCI+AGP +USB 321
Pentium 4 PC 2000 | Pentium 4 3261 PCI-X+AGP +USB 320
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A:= B+C D:=E*F
i ﬁzf@ﬁkﬁ‘ﬁt I
ADD B,C,A
MPY E,F,D

2Bl : NOARFASEXVEMNNZKRAD

[ B T2 2
LOAD  RL,B
ADD R1,C
STORE RI, A
LOAD  R2,E
MPY R2, F

STORE R2,D




™
What is “Computer Architecture” 9

Applications

Operating
System

Firmware ]
= — lnstruction Set
Architecture (ISA)

CPSC 321 Instr. Set Proc. |1/0 system

Datapath & Control
—Digital Design

Circuit Dpci%n

Semiconductor Materials

e Coordination of many /evels of
abstraction

e Under a rapidly changing set of forces

e Design, Measurement, and Evaluation




Computer Architecture -
Definition

e Computer Architecture = ISA + MO

e Instruction Set Architecture

é »

e What the executable can “see” as underlying
hardware

e Logical View

e Machine Organization
e How the hardware implements ISA ?
e Physical View
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The Instruction Set: a Critical Interfac

Software (SW) N -/
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Hardware (HW)

- Properties of a good abstraction
— Lasts through many generations (portability)
—Used in many different ways (generality)

— Provides functionality to higher
levels
— Permits an implementation at lower

levels
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IC; = 0.8 x IC,




X BECPU P RE N -

MCPUBTE], = IC, x CPI, x B 4 E#A,

CPU,

0.

1.

N

8 x IC, x 1.25 x (1.25 x BJ8pE#,)
25 x IC, x B 4dEH,

ARXEERRZT, RECPUIITIESFEBD,
NONEEE RIS R, BT CAECPU R




W SR CPU, B B 9 R 35S Tl LECPUR R 1. 1468,
4P AR, = 1.10 x BFehEHE,
CPUHIPEREN
. CPURFIA], = IC, x CPI, x M éhEH,
= 0.8 x IC, x 1.25 x (1.10 x K4 EH,)
= 1.10 x IC, x A 4pE#,
A HCPU T AT BB D182 /4, HUCPU BT R




NTRBEFHNEITEE, BESIATLTBEE
FebR:

® MIPS(Million Instructions Per Second, F#H /&8

MIPS = Ic___J x107°

T.., x10° CPI

F, BEFEIBATR RN

IC
MIPS

’
v
{
-
Ny

x107°

TCPU —

RAREZA:
ILMIPS R # FHRSA L, THRELGAATREWIERLEH;
2B —mB L, MIPSEHEAF R MmEL, ABEZIERX




® MFLOPS(Million Floating Point Operations Per
Second, B H I IKEFERIBH).
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Performance Metrics

e Response Time

eDelay between start end end time of a
task

e Throughput
e Numbers of tasks per given time

o New: Power/Energy
e Energy per task, power
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The Role of Performance

Evallate Existing

SYSEMSHON

) _" l
Bottlenecks

Implementation
Complexity

Benchmarks
Technology
Trends

Simulate Ne

IVESIGNSIC
Orelelnli4ziile)

ImplEIHETIANER
Gener FJ‘_/I ._J_/._J_,-—."

Workloads




1.3.3 3 A by R T RE
Bitnt, —ARRIUAE RS

o k33

X

Ak

JR R

1

JRE

N--J

LB R AEMRAMR
1AL
KB (A , XS
# (HTIETJ) KFER (A3

1. AmdahlE#

yg==l

G R E

|

\lgﬁ,f?ﬁt\

~l::|

SR, R ERER B

Jo

FEFP

RfEA T, RAJRE

=N GSy I NaT
- ZRE

4 B~

I AL E (BY[E])D
k3N IED

DA

R AA




o 2 ks

> B [8] ey 0 1 «

b

PE IEE R

R

I HPRSREH RIS BT RERl 2
HIfE R

trd

REEFAHEBRSZEITE R

> 28] JE s i .

b

LAE IETEfE A

2T HRRE R 2IH{E BRI RES
{5 BEREF LRI ERIRITH] .

Yl

RERLPIMFFB B RRERARE K.




3

oAmdahlEE

ZE R

THERSE

R:0vis

12— BRI EX:
B, BlRGT

2

i e

ﬁajJ ]

EEJERE @@J%é’?ﬁf
HEEHS,




I BT AR &R
PR frew EBUERTHIRSEH, WISGERRS
FIBAAT B[R] o5 2R G2 R FAT IS TR Y EU AL

0< .f new <1

> ERAF IR L roey = AT SOEHR 0 FE DAL 5 1 RE SR

PIRs%, =G ErAT B 18]S Sodt J5 B TR 39 B
>1

i

new

S — ]:)ld — 1
! Tnew (l_fnew)-l-fnew/r




1?']

40%,
HEERE D ?
iR
RIEAMdahlEE

1:

Rtk EHLRGEF

I —Th eI AC B RS
&, (EZIOEERI AL B TR AN 5 AN R GLIE 1T I TR] Y

WK H eI iR e, R RGH

WA f.. =04, r. =15

T 4

1

S =
! (l_fnew)_l_fnew/rnew

1

~ 1.6

T (1-0.4)+0.4/15




#l2: KT
= ooyl - KT, Ji %5

P B4Rk

‘nh]l— ‘nh]

e’

ﬁmamwm

EYIEX S
J@JﬁﬂéHﬁZS'
BSR4, RiZFE

fiie.: HAEPIHED: r,., =25, sp =4

AR

EAmdahlE £

2] A

1

4=
(1_ fneW)+ fneW /25
RE: [, =78.1%

¥ H

1FREEENE, FEF
w %%L

TR—EF

7% i




FAR ek

HENRGHE—DIRAST s, HABEERR
BUHATHI8AE . BultE, ZINRRRIALEE RN BN R GtiE
ATBFE]140% . R R U SR T REA TS, B RAIRBHIIN
R DT




Amdahl £

R T
HXf R GF

1R — 3B 433

%, %ﬁi/%é?ﬁ (XL

K, AmdahlEf
RGPLR 2oy 1

4t, e

=]
\IE/ N

J:I_:l

e &b

IR R
LR, BO R

Jik:

=N

2EFRAN], BodFrE e
e FEmARRERN R
1 — AN DIREE AR IR .




Amdahl’ s Law

ePitfall: Expecting the improvement of one aspect
of a machine to Iincrease performance by an
amount proportional to the size of Iimprovement

]




Amdahl’ s Law

e Opportunity for improvement is affected by how
much time the event consumes

e Make the common case fast

e Very high speedup requires making nearly every
case fast

e focus on overall performance, not one aspect
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Run benchmark and collect workload characterization (simulate,
machine counters, or sampling)

Base Machine (Reg / Reg)

Op
ALV
Load
Store
Branch

Design guideline: Make the common case fast

Freq Cycles
50%| 1
20%| 2
10%| 2
20%| 2
//
Typical Mix of
instruction types
in program

CPI(i)
.5

4

.2

4
1.5

(% Time)
(33%)
(27%)
(13%)
(27%)

MIPS 1% rule: only consider adding an instruction of it is shown to
add 1% performance improvement on reasonable benchmarks.




ExXample: branch otall
Impact

e Assume CPI = 1.0 ignoring branches (ideal)
o Assume solution was stalling for 3 cycles

o If 30% branch, Stall 3 cycles on 30%

Op Freq Cycles CPI(i) (% Time)
Other 70% 1 LT (37%)
Branch 30% 4 1.2  (63%)

—> new CPI = 1.9

e New machine is 1/1.9 = 0.52 times faster (i.e.
slow!)
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Cortex-A72: |deal for dense compute environments

BAX86tZEIA
~gmm2

Single Cortex-A72 core ? Cortex- A72 MP4 + 2MB L2}
el FoTLPLEEy Eol BiZ 2 AR

e = RSN
W | DR | BO 00
- @[2[2@

L : i 1
BAARMBZE R
~1.15mm?

i oiadaty A quad core Cortex-A72
Cortex-A72is <20 % size  Single Broadwell CPU + 256K’ L2 with 8x L2 cache RAM is
~Bmm* the same size
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