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Sample Configurations

Config. 1 Config. 2 Config. 3 Config. 4
Cores Number 1 2 4 4
Cores Speed, GHz 3.5 2.4 3.5 2.8
Memory Capacity, GB 32 16 32 32
Memory Speed, GB/sec 32 16 32 16




Performance Evaluation: The “Best” Configuration?

Config. 1 Config. 2 Config. 3 Config. 4
Cores Number 1 2 4 4
Cores Speed, GHz 3.5 2.4 3.5 2.8
Memory Capacity, GB 32 16 32 32
Memory Speed, GB/sec 32 16 32 16




Performance Evaluation: The “Best” Configuration?

Config. 1 Config. 2 Config. 3 Config. 4
Cores Number 1 2 4 4
Cores Speed, GHz 3.5 2.4 3.5 2.8
Memory Capacity, GB 32 16 32 32
Memory Speed, GB/sec 32 16 32 16




Performance Evaluation: The “Best” configuration in this case?

Config. 1 Config. 2 Config. 4
Cores Number 1 2 4
Cores Speed, GHz 3.5 2.4 2.8
Memory Capacity, GB 32 16 32
Memory Speed, GB/sec 32 16 16




Performance Evaluation: The “Best” configuration in this case?

Config. 1 Config. 2 ... | Config. 4
Cores Number 1 2 4
Cores Speed, GHz 3.5 2.4 2.8
Memory Capacity, GB 32 16 32
Memory Speed, GB/sec 32 16 16

Benchmark program - a specialized tool used to test and
measure the performance, speed, and efficiency of computer
hardware or software
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Program Execution Phases
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Invocation
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Program Execution Phases
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Program Execution Phases

¢invoc gStart gcompl

t

Invocat ion Actual execution Actual execution
completion



Performance Metric

Meaning

Program

Latency

Delay between a program invocation (call)
and an actual execution start time

Latency

(due to preparatory activities
such as memory allocation)

:
|

tinvoc

Program

invocation (call)

sstart

Actual execution
start

scompl

Actual execution
completion

t
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Performance Metric

Meaning

Program

Latency

Delay between a program invocation (call)
and an actual execution start time

(due to preparatory activities
such as memory allocation)

Latency

Actual program execution
(from the first to the last instruction)

r
|

tll’lVOC

Program

invocation (call)

sstart

Actual execution
start

gcompl

Actual execution
completion

t
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Performance Metric

Meaning

Program

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Response Time

Latency/Delay/Response Time

(Synonyms)

Actual program execution
(from the first to the last instruction)

:
|

tll’lVOC

Program

invocation (call)

t start

Actual execution
start

scompl

Actual execution
completion

t
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Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program

Response Time

Execution Time

completion

Time between a program invocation and its

Program Execution Time

tll’lVOC

Program

invocation (call)

t start

Actual execution
start

scompl

Actual execution
completion

t
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Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program

Response Time

Execution Time

Time between a program invocation and its
completion

Program Execution Time

tll’lVOC

Program

invocation (call)

t start

Actual execution
start

scompl

Actual execution
completion

t
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Performance Metric

Meaning

Latency

Delay

Program Response Time

Delay between a program invocation (call)
and an actual execution start time

Execution Time

Time between a program invocation and its
completion

Hardware
Platform

16



Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program Response Time
: : Time between a program invocation and its
Execution Time .
completion
Hardware i Theoretical bound on the number of jobs
Bandwidth . .
Platform (instructions) to execute concurrently

17



Performance Metric Meaning
Latency
Delay between a program invocation (call)
Delay . :
and an actual execution start time
Program Response Time
: : Time between a program invocation and its
Execution Time .
completion
Hardware . Theoretical bound on the number of jobs
Bandwidth : .
Platform (instructions) to execute concurrently

Uniprocessor with bandwidth 1:

CPU

Not more than 1 job
to execute at a time

18



Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program Response Time
: : Time between a program invocation and its
Execution Time .
completion
Hardware ) Theoretical bound on the number of jobs
Bandwidth : .
Platform (instructions) to execute concurrently

Uniprocessor

CPU

Not more than
1job at a time

(bandwidth is 1 job)

Multiprocessor with bandwidth m:

Not more than m jobs to
execute concurrently

19



Performance Metric

Meaning

Latency

Delay

Program Response Time

Delay between a program invocation (call)
and an actual execution start time

Execution Time

Time between a program invocation and its
completion

Bandwidth
Hardware

Theoretical bound on the number of jobs
(instructions) to execute concurrently

Platform
Throughput

Average number of concurrently executing
jobs (instructions) over some time

20



Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program Response Time
: : Time between a program invocation and its
Execution Time .
completion
: Theoretical bound on the number of jobs
Bandwidth , .
(instructions) to execute concurrently
Hardware Average number of concurrently executing
Throughput ) . . :
Platform jobs (instructions) over some time
e e Time percentage of
Utilization P 8

an effective component use
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Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program Response Time
: : Time between a program invocation and its
Execution Time .
completion
: Theoretical bound on the number of jobs
Bandwidth , .
(instructions) to execute concurrently
Hardware Average number of concurrently executing
Throughput ) . . :
Platform jobs (instructions) over some time
e Time percentage of an effective component
Utilization

use (e.g. CPU utilization is 57%)

22



ALU  ALU

Control

Performance Metric Meaning ALY ALU
Latency [T
Delay between a program invocation (call)
Delay ) .
and an actual execution start time @
Program Response Time @
: : Time between a program invocation and its OPTRICED oyl
Execution Time .
completion
: Theoretical bound on the number of jobs
Bandwidth , .
(instructions) to execute concurrently ELELEELEELLELELL
Hardware Average number of concurrently executin EEaSEsasasaial
Throughput . = . i 2
Platform jobs (instructions) over some time
e Time percentage of an effective component
Utilization g 8¢ o1 an € o P
use (e.g. CPU utilization is 57%) 50 people e
50 km/hr OPTIMIZED
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Performance Metric

Meaning

Latency

Delay

Delay between a program invocation (call)
and an actual execution start time

Program Response Time
. . Time between a program invocation and its
Execution Time .
completion
. Theoretical bound on the number of jobs
Bandwidth | . ’
(instructions) to execute concurrently
Hardware Average number of concurrently executin
Throughput ) 5 . i :
Platform jobs (instructions) over some time
e i Time percentage of an effective component
Utilization P 5 P

use (e.g. CPU utilization is 57%)

LATENCY 2 people
OPTIMIZED 200 km/hr

50 people THROUGHPUT
50 km/hr OPTIMIZED

24



Recap: Computer Layout

CPU

CU ALU

Registers

0000..00
¢

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




CPU

ALU CU

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Processor Performance Characteristics
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CPU

ALU CU J

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

CPU
Clock

Processor Performance:

CPU Frequency (or Rate)
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Processor Performance:
CPU Frequency (or Rate)

CPU
J r—\iPeriodic Clock Signal
AW || cu CPU | | | |
i (@ [oYo] (¢ | FENRIEINNN SRS T S S F S A >t
————/
0000 O
Cache L1
A
v
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Processor Performance:
CPU Frequency (or Rate)

CPU
J
ALV | | cu CPU |[|——— |
Registers CIOCk .................................................................................................... )t
0000 O
¢ < >
Cache L1 Clock Period/Cycle
A
v
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Processor Performance:
CPU Frequency (or Rate)

CPU
) T
AW | | cu CPU |
— Clock .................................................................................................... )-t
0000 0o
T ‘ )
Clock Period/Cycle
Cacrle L1 of length T, (ns)
v
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




CPU

ALU CU J

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

CPU
Clock

Processor Performance:
CPU Frequency (or Rate)

............................................................................. )t

Clock Period/Cycle
of length T, (ns)

1 ns (nanosec) =107 sec

1 us (microsec) =107° sec
1 ms (millisec) =1073 sec
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Processor Performance:
CPU Frequency (or Rate)

CPU
J
AW || cu CPU [— |
- (1[0 Yol '@ | PAHSINAN SRS SO SIS S RO >t
\—/ Must be sufficient to
DE":":IDD complete the most time-

¢ consuming instruction
Cache L1 < >

A Clock Period/Cycle

\4 of length T, (ns)
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Processor Performance:
CPU Frequency (or Rate)

CPU
J
AW | | cu CPU |[|— |
Re Clock [} b e e >t
Dnﬁﬁerﬁﬂ \———/ Must be sufficient to
complete the most time- T lock | iod

¢ consuming instruction ¢ - CIOCK CyCI€ pe€rio
Cache L1 < >

A Clock Period/Cycle

v of length T, (ns)
Cache L(i)

!

System Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Processor Performance:
CPU Frequency (or Rate)

CPU
J
AW || cu CPU [— |
oo Clock Wi e e e >t
Dnﬁﬁerﬁn N/ Must be sufficient to
complete the most time- .

¢ consuming instruction TC - clock CVCIe perIOd
Cache L1 < > F. = 1/T - clock frequency

A Clock Period/Cycle ¢

v of length T, (ns)
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Processor Performance:
CPU Frequency (or Rate)

CPU
J
AW || cu CPU [— |
oo (@1 [0Yo] ' | NI SN RIS NS U RS S S NSO A >t
Dnﬁﬁerﬁn N/ Must be sufficient to
complete the most time- .

¢ consuming instruction TC - clock CVCIe perIOd
Cache L1 < > F,. = 1/T - clock frequency

A Clock Period/Cycle ¢

v of length T, (ns)
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Average Performance Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU ALU CPU

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU | | AW CPU
(4-6 cores)

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU || AW CPU 2.0-3.5 GHz
(4-6 cores)

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU || Aw CPU 2.0-3.5 GHz
(4-6 cores) Up to 5.0 GHz (Turbo mode)

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

cu || AW CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




CPU

CU ALU

Registers

LILICIE. CI
)

Cache L1
A

g
Cache L(i)

!

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

MIPS (Millions Instructions Per Second):
Another metric for CPU speed
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Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
cu || AW CPU 2.0-3.5 GHz 32 or 64 Bits
. (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
0000 O
¢ MIPS (Millions Instructions Per Second):
Cache L1 Another metric for CPU speed
A
v
Cache L(i) I MIPS also means the family of processors
I (Microprocessor without Interlocked Pipelined Stages)

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU | AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
L0 O
¢ L1 Cache
Cache L1
X
v
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




CPU

CU ALU

Registers

000000
¢

Cache L1
A

g
Cache L(i)

!

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register

The same as CPU speed;
L1 Cache

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU | AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
OO O The same as CPU speed;
L1 Cache ]
¢ ~100 times faster than RAM
Cache L1
/)
v
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU | AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
OO O The same as CPU speed;
L1 Cache ] 32-128 KB
¢ ~100 times faster than RAM
Cache L1
7)
v
Cache L(i)

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




CPU

CU ALU

Registers

0000..00
¢

Cache L1

!

Cache L2

A

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register

The same as CPU speed;
L1 Cache , 32-128 KB

~100 times faster than RAM
L2 Cache

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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CPU

CU ALU

Registers

0000..00
¢

Cache L1

!

Cache L2

A

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU AW CPU 2.0-3.5 GHz 32 or 64 Bits

| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers

OO O The same as CPU speed;
L1 Cache 32-128 KB

¢ ~100x faster than RAM
Cac%e = L2 Cache ~25x faster than RAM 256-512 KB
Cache L2

A

v

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU AW CPU 2.0-3.5 GHz 32 or 64 Bits

| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers

OO O The same as CPU speed;
L1 Cache 32-128 KB

¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB

¥ L3 Cache
Cache L3

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

cU | AW CPU 2.0-3.5 GHz 32 or 64 Bits

| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers

OO O The same as CPU speed;
L1 Cache 32-128 KB

¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB

¥ L3 Cache ~2x faster than RAM
Cache L3

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

cU | AW CPU 2.0-3.5 GHz 32 or 64 Bits

| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers

OO O The same as CPU speed;
L1 Cache 32-128 KB

¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB

¥ L3 Cache ~2x faster than RAM 32-64 MB
Cache L3

!

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




CPU

CU ALU

Registers

0000..00
¢

Cache L1
A

g
Cache L(i)

!

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB

System Memory

System Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
OO O The same as CPU speed;
L1 Cache 32-128 KB
¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB
¥ - L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i)
1 System Memory | 18-36 GB/sec

System Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
OO O The same as CPU speed;
L1 Cache 32-128 KB
¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB
¥ - L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i)
1 System Memory | 18-36 GB/sec 8-32 GB

System Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity

CU AW CPU 2.0-3.5 GHz 32 or 64 Bits

_ (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register

Registers
OO O The same as CPU speed;
L1 Cache 32-128 KB

¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB

¥ - L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i)

1 System Memory | 18-36 GB/sec 8-32 GB

System Memory gzznmumcatlon

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)




Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
OO O The same as CPU speed;
L1 Cache 32-128 KB
¢ ~100x faster than RAM
Cacie = L2 Cache ~25x faster than RAM 256-512 KB
v - L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i)
¢ System Memory 18-36 GB/sec 8-32 GB
System Memory RAM (DDR4)
Bus PCle (4.0)
0 USB (3.0)

Storage Devices

_ RAM (Random Access Memory) — synonym for “System Memory”
(SSD Disk, NAND Flash Memory, others)

PCle: Peripheral Component Interconnect Express

USB: Universal Serial Bus



CPU

CU ALU

Registers

000000
¢

Cache L1
A
\ 4

Cache L(i)

|

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB

ISystem Memory

§

RAM (DDR4)

18-36 GB/sec (64 lines)

Bus PCle (4.0)

USB (3.0)

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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CPU

CU ALU

Registers

000000
¢

Cache L1
A
\ 4

Cache L(i)

|

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB

ISystem Memory

§

Storage Devices
(SSD Disk, NAND Flash Memory, others)

RAM (DDR4)

18-36 GB/sec (64 lines)

Bus PCle (4.0)

USB (3.0)

The number of lines
reflects the number
of simultaneously
transferred bits
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CPU

CU ALU

Registers

000000
¢

Cache L1
A
\ 4

Cache L(i)

|

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB

ISystem Memory

§

Storage Devices
(SSD Disk, NAND Flash Memory, others)

RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines)
USB (3.0)
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CPU

CU ALU

Registers

000000
¢

Cache L1
A
\ 4

Cache L(i)

Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB

|

ISystem Memory

§

RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines)
USB (3.0) 0.5 GB/sec (1 line)

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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CPU

CU ALU

Registers

000000
¢

Cache L1
A
\ 4

Cache L(i)

|

Average Characteristics: Laptop/Desktop

ISystem Memory

§

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines) N/A
USB (3.0) 0.5 GB/sec (1 line)

Storage Devices
(SSD Disk, NAND Flash Memory, others)
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CPU

CU ALU

Registers

000000
¢

Cache L1
A
\ 4

Cache L(i)

|

Average Characteristics: Laptop/Desktop

ISystem Memory

§

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines) N/A
USB (3.0) 0.5 GB/sec (1 line)

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Storage Device
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CPU

CU ALU

Registers

0000..00
¢

Cache L1
A

g
Cache L(i)

!

Average Characteristics: Laptop/Desktop

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines) N/A
USB (3.0) 0.5 GB/sec (1 line)
SSD
Storage
HDD

SSD: Solid State Drive; HDD: Hard Disk Drive
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CPU

CU ALU

Registers

0000..00
¢

Cache L1
A

g
Cache L(i)

!

Average Characteristics: Laptop/Desktop

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines) N/A
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec
Storage
HDD
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CPU

CU ALU

Registers

0000..00
¢

Cache L1
A

g
Cache L(i)

!

Average Characteristics: Laptop/Desktop

ISystem Memory

{

Storage Devices
(SSD Disk, NAND Flash Memory, others)

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
The same as CPU speed;
L1 Cache 32-128 KB
~100x faster than RAM
L2 Cache ~25x faster than RAM 256-512 KB
L3 Cache ~2x faster than RAM 32-64 MB
System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines) N/A
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec
Storage
HDD 0.1-0.15 GB/sec
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Average Characteristics: Laptop/Desktop

CPU Device Operation Speed Storage Capacity
CU AW CPU 2.0-3.5 GHz 32 or 64 Bits
| (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
Registers
OO O The same as CPU speed;
L1 Cache 32-128 KB
¢ ~100x faster than RAM
Cache L1 L2 Cache ~25x faster than RAM 256-512 KB
¥ - L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i)
I System Memory 18-36 GB/sec 8-32 GB
System Memory RAM (DDR4) | 18-36 GB/sec (64 lines)
Bus PCle (4.0) 8 GB/sec (4 lines) N/A
) USB (3.0) 0.5 GB/sec (1 line)
Storee Deess SSD 0.5-2 GB/sec 250-500 GB
Storage
(SSD Disk, NAND Flash Memory, others) HDD 0.1-0.15 GB/sec 100-150 GB




CPU

Ccu ALU

Registers

Lo O

Cache L1
A

i
Cache L(i)

I

System Memory

GPU (Graphics Processing Unit) Subsystem

GPU

E|E|E|E

AW | ALU || ALU

AlU | AWU | ALV

AWV | AU AU

AU | ALU

TGPU Memory

AN

Storage Devices
(SSD Disk, NAND Flash Memory, others)

\ 4
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Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | AL
GPU
Registers }
: ——— Th CPU speed
e same as speed;
Cache L1 AALI AL AL L1 Cache P 32-128 KB
A AU AU ALV AL ~100x faster than RAM
Y - ALU AU ALU | ..
Cache L(i) T L2 Cache ~25x faster than RAM 256-512 KB
: : ¥ L3 Cache ~2x faster than RAM 32-64 MB
'System Memory _ _pGPU Memory
< System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 “ﬂES) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 |ine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | | ALU 1.5-2.0 GHz
GPU
Registers .
0000 00 GPU (700-2000 cores)
: ——— Th CPU speed
e same as speed;
Cache L1 AALI AL AL L1 Cache P 32-128 KB
A AU AU ALV AL ~100x faster than RAM
Y - ALU AU AU ..
Cache L(i) T L2 Cache ~25x faster than RAM 256-512 KB
: : ¥ L3 Cache ~2x faster than RAM 32-64 MB
'System Memory _ _pGPU Memory
< System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 “ﬂES) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 |ine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | AW 1.5-2.0 GHz
GPU Simple Instruction Set (1S)
Registers 700-2000 cores Impie instruction se
nood o GPU ( ) supported
x A e ] The same as CPU speed;
Cache L1 ALU|ALU AL (ALY L1 Cache 32-128 KB
) ALU ALU ALU| ALU ~100x faster than RAM
¥ AU ALU AU .. ~
Cache L(i) T L2 Cache 25x faster than RAM 256-512 KB
’ ! L3 Cache ~2x faster than RAM 32-64 MB
SyEtemEMe maty « ::GPU Moy System Memory 18-36 GB/sec 8-32 GB
i RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 lines) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 Iine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | | ALU 1.5-2.0 GHz
i Simple IS;
Registers (700-2000 cores) ’
000000 GPU Parallel execution (SIMD)

1 ALU AU ALU | ALU

The same as CPU speed;

Cache L1 s e e e L1 Cache 32-128 KB
A AU ALL ALU | ALY ~100x faster than RAM
Y - ALU AU ALU | ..
Cache L(i) T L2 Cache ~25x faster than RAM 256-512 KB
: : ¥ L3 Cache ~2x faster than RAM 32-64 MB
'System Memory _ _pGPU Memory
< System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 Iines) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 Iine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | | ALU 1.5-2.0 GHz
GPU Simple IS; parallel execution
Registers (700-2000 cores) ’
nood 0 GPU ~100 times faster than CPU
: ——— Th CPU speed
e same as speed;
Cache L1 ALV AL AL IALY L1 Cache P 32-128 KB
A AU AU ALV AL ~100x faster than RAM
Y - ALU AU ALU | ..
Cache L(i) T L2 Cache ~25x faster than RAM 256-512 KB
: : ¥ L3 Cache ~2x faster than RAM 32-64 MB
'System Memory _ _pGPU Memory
< System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (40) 8 GB/sec (4 “ﬂES) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 |ine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | | ALU 1.5-2.0 GHz
GPU Simple IS; parallel execution
Registers (700-2000 cores) /
uooo_ad GPU ~100 times faster than CPU
: ——— Th CPU speed
e same as speed;
Cache L1 ALV AL AL IALY L1 Cache P 32-128 KB
A AU AU ALV AL ~100x faster than RAM
Y - ALU AU ALU | ..
Cache L(i) T L2 Cache ~25x faster than RAM 256-512 KB
: : ¥ L3 Cache ~2x faster than RAM 32-64 MB
'System Memory _ _pGPU Memory
< System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (40) 8 GB/SEC (4 |iﬂ€S) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 |ine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Laptop/Desktop

Device Operation Speed Storage Capacity
CPU 2.0-3.5 GHz 32 or 64 Bits
CPU (4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
CU | | ALU 1.5-2.0 GHz
GPU Simple IS; parallel execution 32 Bits
Registers (700-2000 cores) ’ per register
nood 0 GPU ~100x faster than CPU
: ——— Th CPU speed
e same as speed;
Cache L1 AALI AL AL L1 Cache P 32-128 KB
A AU AU ALV AL ~100x faster than RAM
Y - ALU AU ALU | ..
Cache L(i) T L2 Cache ~25x faster than RAM 256-512 KB
: : ¥ L3 Cache ~2x faster than RAM 32-64 MB
'System Memory _ _pGPU Memory
< System Memory 18-36 GB/sec 8-32 GB
RAM (DDR4) | 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (40) 8 GB/sec (4 “ﬂES) N/A
(SSD Disk, NAND Flash Memory, others) USB (3.0) 0.5 GB/SEC (1 |ine)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Device Operation Speed Storage Capacity
Laptop/Desktop CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
1.5-2.0 GHz
S GPU Simple IS; parallel execution 32 Bits
cu || A (700-2000 cores) PIeis P per register
~100x faster than CPU
Regi
Dﬁﬁﬁteam GPU The same as CPU speed;
L1 Cache 32-128 KB
1 ALU ALU| ALY ALY ~100x faster than RAM
Cache L1 e o L2 Cache ~25x faster than RAM 256-512 KB
Y A AU AW, . L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i) Y
1 ) System Memory 18-36 GB/sec 8-32 GB
'System Memory HGPU Memory i
N i GPU Memory
v RAM (DDR4) 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 lines) N/A
(SSD Disk, NAND Flash Memory, others)
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB
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Average Characteristics: Device Operation Speed Storage Capacity

Laptop/Desktop CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
1.5-2.0 GHz
S GPU Simple IS; parallel execution 32 Bits
cu | AL (700-2000 cores) AELED L per register
~100x faster than CPU
Rogters The same as CPU speed;
0000 00 GPU L1 Cache e 132128 kB
) ALU| ALU| ALU| ALU ~100x faster than RAM
Cache L1 e sl o L2 Cache ~25x faster than RAM 256-512 KB
NTHT A AW AW .. L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i) Y
1 ) System Memory 18-36 GB/sec 8-32 GB
'System Memor HGPU Memor ! -
y y <l Y | ' GPU Memory 300-500 (.EB/sec
] (due to high throughput)

A

v RAM (DDR4) 18-36 GB/sec (64 lines)

Storage Devices Bus PCle (4.0) 8 GB/sec (4 lines) N/A
(SSD Disk, NAND Flash Memory, others)
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec 250-500 GB

Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Device Operation Speed Storage Capacity
Laptop/Desktop CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
1.5-2.0 GHz
S GPU Simple IS; parallel execution 32 Bits
cu || A (700-2000 cores) PIeis P per register
~100x faster than CPU
Regi
Dﬁﬁﬁteam GPU The same as CPU speed;
L1 Cache 32-128 KB
1 ALU ALU| ALY ALY ~100x faster than RAM
Cache L1 e o L2 Cache ~25x faster than RAM 256-512 KB
Y A AU AW, . L3 Cache ~2x faster than RAM 32-64 MB
Cache L{(i) 1
1 ) System Memory 18-36 GB/sec 8-32 GB
'System Memory HTGPU Memory i 300-500 GB/sec
<> 1 -
| GPU Memory (due to high throughput) 8-16GB
v RAM (DDR4) 18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 lines) N/A
(SSD Disk, NAND Flash Memory, others)
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Device Operation Speed Storage Capacity
Laptop/Desktop CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
1.5-2.0 GHz
S GPU Simple IS; parallel execution 32 Bits
cu || A (700-2000 cores) PIeis P per register
~100x faster than CPU
Regi
Dﬁﬁﬁteam GPU The same as CPU speed,;
L1 Cache 32-128 KB
1 ALU ALU| ALY ALY ~100x faster than RAM
Cache L1 e o L2 Cache ~25x faster than RAM 256-512 KB
T AL ALY AL . L3 Cache ~2x faster than RAM 32-64 MB
Cache L{(i) 3
1 ) System Memory 18-36 GB/sec 8-32 GB
'System Memory ~ HGPU Memory 300-500 GB/sec
GPU Memory (due to high throughput) 8-16GB
v RAM (DDR4)  18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 lines) N/A
(SSD Disk, NAND Flash Memory, others)
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB




Average Characteristics: Device Operation Speed Storage Capacity
Laptop/Desktop CPU 2.0-3.5 GHz 32 or 64 Bits
(4-6 cores) Up to 5.0 GHz (Turbo mode) | per register
1.5-2.0 GHz
S GPU Simple IS; parallel execution 32 Bits
cu || A (700-2000 cores) PIeis P per register
~100x faster than CPU
Regsters The same as CPU speed;
oo, o GPU L1 Cache PEES 1 32.128 kB
1 ALU ALU| ALY ALY ~100x faster than RAM
Cache L1 e o L2 Cache ~25x faster than RAM 256-512 KB
T Aw A AW .. L3 Cache ~2x faster than RAM 32-64 MB
Cache L(i)
A _I_____] System Memory 18-36 GB/sec 8-32 GB
T: it
'System Memory HGPU Memory I 300-500 GB/sec
| > -
I : GPU Memory (due to high throughput) 8-16GB
v ”Unified memory” RAM (DDR4)  18-36 GB/sec (64 lines)
Storage Devices Bus PCle (4.0) 8 GB/sec (4 lines) N/A
(SSD Disk, NAND Flash Memory, others)
USB (3.0) 0.5 GB/sec (1 line)
SSD 0.5-2 GB/sec 250-500 GB
Storage
HDD 0.1-0.15 GB/sec 100-150 GB
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Amdahl’s Law

Provides a theoretical upper bound on
the execution speedup thanks to multicores use

81



Amdahl’s Law

Provides a theoretical upper bound on
the execution speedup thanks to multicores use

Program given:

1) x% of instructions depend on the execution result of previous instructions;
2) (100 — x)% of instructions do not depend on previous ones;
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Amdahl’s Law
Provides a theoretical upper bound on

the execution speedup thanks to multicores use
Program given:

1) x% of instructions depend on the execution results of previous instructions;
2) (100 — x)% of instructions do not depend on previous ones;

Question:

What is a program execution speedup if increasing the number of cores from 1 tom?
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Amdahl’s Law

Provides a theoretical upper bound on
the execution speedup thanks to multicores use

Program given:

1) x% of instructions depend on the execution results of previous instructions;
2) (100 — x)% of instructions do not depend on previous ones;

Question:

What is a program execution speedup if increasing the number of cores from 1 tom?

Solution?
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Amdahl’s Law

Provides a theoretical upper bound on
the execution speedup thanks to multicores use

Program given:

1) x% of instructions depend on the execution results of previous instructions;
2) (100 — x)% of instructions do not depend on previous ones;

Question:

What is a program execution speedup if increasing the number of cores from 1 tom?

Solution:

1) (100 — x)% can execute in parallel upon m cores
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Amdahl’s Law

Provides a theoretical upper bound on
the execution speedup thanks to multicores use

Program given:

1) x% of instructions depend on the execution results of previous instructions;
2) (100 — x)% of instructions do not depend on previous ones;

Question:

What is a program execution speedup if increasing the number of cores from 1 tom?

Solution:

1) (100 — x)% can execute in parallel upon m cores;
2) These (100 — x)% execute in parallel m times faster
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Amdahl’s Law

Provides a theoretical upper bound on
the execution speedup thanks to multicores use

Program given:

1) x% of instructions depend on the execution results of previous instructions;
2) (100 — x)% of instructions do not depend on previous ones;

Question:

What is a program execution speedup if increasing the number of cores from 1 tom?

Solution:

1) (100 — x)% can execute in parallel upon m cores;
2) These (100 — x)% execute in parallel m times faster;

3) According to Amdahl’s law, the runtime of such a program reduces according to:
t1 proc 1
speedup = . =

m procs

1—x
X+—
m
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Speedup

20

18

16

14

12

10

Amdahl's Law

——‘-—_-_
/
e
Py
//
/ Parallel portion
/ 50%
/ ......... 75%
—=— 90%
—— 95%
——————————— :-.—;;—_:.—a—r—'r—'I I— E—— - E—
"
0/
0
N Y @ g 83 88 Y I %8y 3 OB
L] N n (=] (=] o i o™ N~
- & ¥ o 9 o

Number of processors

65536
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Amdahl's Law

20 "——"————————————————————————:::::———T— -
-
18 7
// Parallel portion
16 / 50%
Amdahl’s Law A ] 75%
14 / —.— 90%
. . / —— 95%
Provides a theoretical upper bound on 12 /
the execution speedup thanks to multicores use =3 /
3 /
e 10 / e e -
o "
7 / T
Program given: 8 // 7
v
1)  x% of instructions depend on execution results of previous instructions; 6 y -
/
2) (100 — x)% of instructions do not depend on previous ones; ///
4 .
2
Question: 0

-l ()] < 0 ©o N <
- (3] ©

128
256
512
1024
2048
4096
8192

What is a program execution speedup if increasing the number of cores from 1 to m?

Number of processors

Solution:

1) (100 — x)% can execute in parallel upon m cores;
2) These (100 — x)% execute in parallel m times faster;

3) According to Amdahl’s law, the runtime of such a program reduces according to:
1proc 1
speedup = ‘ = —3—=

tmprocs X+
m

16384

32768

65536
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