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o [t
» Al HF% A: CPI, = 4, F, = 2GHz
» 2158 B: CPI; = 3, F; = 1.8GHz
» EHLBENTNEMN?
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MIPS: Million Instructions Per Second

@ MIPS = | MRIICAMBE T X2 H Gt a =
rw? TR
FTIRFE] % 106

o [H&E
» AIHMA: CPI, =4, F, = 2GHz, MIPS, =
» at%B%B: CPI; = 3, F; = 1.8GHz, MIPS; =?
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MIPS: Million Instructions Per Second
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CPI

o [l

AN | 1 | 2 3 | 4
Ta7 5 A A: 50% 25% 10% 15%
VAR WN:Y 40% 30% 20% 10%

| 2 (:PIA_::?
| 2 CPIB = ?
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CPI
o [l

YAoNME: | 1 | 2 | 3 | 4
Ta7 5 A A: 50% 25% 10% 15%
VAR WN:Y 40% 30% 20% 10%

> CPIA =7
> CPIB =7
o iR

» CPI, =1X0.54+2X%X0.254+3%x014+4%0.15=1.9
» CPIg =1%X04+2X03+3X%X02+4X%x0.1=2.0
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)N 7214 > CPU

o [#: N=f(m,n)="?

m cycles
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)N 7214 > CPU

o [#: N=f(m,n)="?

m cycles

N cycles

Yy

N=n+(m-1)=n+m-1
N=m+(n-1)=n+m-1
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Pipelined CPU:

Superscalar CPU:
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YIVF ALY T+ v CPU

< ITF A l/‘/ 7+ » 7 (Multithreading) & I, #
—CPU FVEHDODALVY R(avEa—&70r5
V) EFEIRFICESTT S 0y SOk

PC — Program Counter
FUs — Functional Units (ALUs, FPUs, ...)
RF — Register File
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<YJ)F 37 CPU

Y I)VF 37 (Multi-Core) I&, 12D 70X - /Sy
r—=YNIZEEO TaxY - a7 2EALULZEMTH
D, YIVF - Ty Vv ITDO—ERETH D

PC — Program Counter

FUs — Functional Units (ALUs, FPUs, ...)
RF — Register File
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Block Diagram of 2-Thread CPU

and FP
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files

and FP
Registe:
files
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Two threads share functional units
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Thread Selection Method

dffe thread_sel
wt
e3t
clrn e2t
elt
dt
fasmdsO stO
fasmds1 stl
clk
D | El | E2 | E3 | WB
cnt fasmds@ fasmds1 \ dt sto sti
0 1 0 0 0 0
0 1 1 0 0 1
0 0 1 1 0 0
1 0 1 1 0 0
1 1 1 1 1 0
1 1 0 0 0 0
X 0 0 0 0 0
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Multithreading CPU with 2-IU 1-FPU

wwl
£50

ft0.
wmo(

mmo0

fwdla0
fwdlb0

b0

dfa0

e3d

fasmds0

fasmds]

demux

dfal

selthread

fasmds0

st0

fasmds1

stl

025 41 H 9 H (4)

16/3



Waveform of Multithreading CPU

pcl: # pcl: PC of thread 1

2040: flw fao, 4(al) # (40800000)

2044: flw fal, 8(al) # (40000000)

2048: fdiv.s fa3, fa@, fal # (40800000) / (40000000) = (40000000)
204c: fsqgrt.s fa3, fa3 # (40000000) sqrt = (3fb504f3)
2050: fsqgrt.s fa3, fa3 # (3fb504f3) sqrt = (3f9837f0)
2054: fsw fa3, 12(al) # store 3f9837f0 to memory
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Waveform of Multithreading CPU

pcl: # pcl: PC of thread 1

2040: flw fao, 4(al) # (40800000)

2044: flw fal, 8(al) # (40000000)

2048: fdiv.s fa3, fa@, fal # (40800000) / (40000000) = (40000000)
204c: fsgrt.s fa3, fa3 # (40000000) sqrt = (3fb504f3)
2050: fsqrt.s fa3, fa3 # (3fb504f3) sqrt = (3f9837f0)
2054: fsw fa3, 12(al) # store 3f9837f0 to memory
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Multicore Multithreading CPU Design

CPU

\ A

Main
memory
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Memory Access Arbitration

memory

demux
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pcii # pcll: PC of core 1 thread 1

2040: flw fao, 4(al) # (40800000)

2044: flw fal, 8(al) # (40000000)

2048: fdiv.s fa3, fa@, fal # (40800000) / (40000000) = (40000000)
204c: fsqrt.s fa3, fa3 # (40000000) sgrt = (3fb504f3)
2050: fsqgrt.s fa3, fa3 # (3fb504f3) sqrt = (3f9837f0)
2054: fsw fa3, 12(al) # store 3f9837f0 to memory
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2040: flw fao, 4(al)
2044: flw fal, 8(al)

2048: fdiv.s fa3, fao, fal

204c: fsqgrt.s fa3, fa3
2050: fsqrt.s fa3, fa3
2054: fsw fa3, 12(al)

TEBUK AL

# pc11: PC of core 1 thread
# (40800000)

# (40000000)

# (40800000) / (40000000)

# (40000000) sqrt

# (3fb504f3) sgrt

# store 3f9837f0 to memory

(40000000)
(3fb504f3)
(3f9837f0)
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M HAESH (Interconnection Networks) (33 51215

BEMET2EBO 7Oy > A 2HAIHES
U, TOMIZET D REHZRMLT D

AR

Hypercube Ring
1O
9

2D Mesh 2D Torus

BRI HR av¥a—afEk e G (13) 202541 A 9 H (K) 24/32



25/32

2025 41 A 9 H ()

IV a— Ak L &G (

~
)
)
-
Q
o}
N
=

—

VEBUA S R 1
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7 LA —I)VDiEAl (Amdahl’s Law)

@ Amdahl’s Law states that the performance improvement
to be gained from using some faster mode of execution is
limited by the fraction of the time the faster mode can be
used.

@ Let P, be the performance with enhancement,
P, be the performance without enhancement,
T, be the execution time with enhancement,
T, be the execution time without enhancement,
r be the fraction enhanced, and
n be the speedup of the enhanced section. Speedup

g P _To_ T, _ 1
P, T, TyXr/n+Ty,x(1-r1r) r/n+1-r)
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7 LA —I)VDiEAl (Amdahl’s Law)
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Speedup of overall performance (S)

- r=96%
I r = 90% 1
O ——7—7 1 a2 aaaall L | L | L M
1 10 100 1000 10000

n
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Top 500 Supercomputers

TOP500 Supercomputer Sites: https://www. top500.org/

TOP 10 Supercomputers in November 2024

Rank System Country Maker Cores PFlop/s
1 El Capitan USA HPE 11,039,616 1,742.00
2 Frontier USA HPE 9,066,176 1,353.00
3 Aurora USA Intel 9,264,128 1,012.00
4 Eagle USA Microsoft 2,073,600 561.20
5 HPCe6 Italy HPE 3,143,520 477.90
6 Fugaku Japan Fujitsu 7,630,848 442.01
7 Alps Switzerland HPE 2,121,600 434.90
8 LUMI Finland HPE 2,752,704 379.70
9 Leonardo  Italy EVIDEN 1,824,768 241.20

10 Tuolumne USA HPE 1,161,216 208.10
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https://www.top500.org/

FREE XTIT (100 A5 + 100 /)

@ Explain the Superscalar, Multithreading, Multicore,
Supercomputer, and Interconnection Networks.

@ Letn =10 and r = 75%. Calculate the overall
speedup S by using Amdahl’s Law and give the
upper bound of S.

@ Letn = 1,000,000 and S = 500,000. Use Amdahl’s
law to calculate fractions r and 1 — r. What do these
numbers mean when comparing supercomputer
performance to uniprocessor computer
performance?
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FREE XTIT (100 A5 + 100 /)

© Option (4100 %) : Design an RISC-V multicore
multithreading (2 X 2) CPU RV32IMF that contains
instruction cache & TLB and data cache & TLB.
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