AR Vi,

T %2,

o “,
N

RO

N
N
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Remember?




?

O
O
-
O
-
O
A




OCHOBHbIE XapPaKTepPUCTUKA
BLIYNC/TNTENNILHOIO Kactepa

[TukoBasa (TeopeTmnyeckas)
nponssoanTesnibHOCTL (Tflops)

Linpack npounssoantensHocTb (Tflops)
BogoMIPS npoun3ssogntenibHOCTL?
[TponyckHaa cnocobHocTh Interconnect (Gbps)
3aaepxkn Interconnect (ns)
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OCHOBHbIE XapPaKTepPUCTUKA
BLIYNC/TNTENNILHOIO Kactepa

[TponyckHaa cnocobHocTh Interconnect (Gbps)

3aaepxkn Interconnect (ns) \

CETb
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UTO Takoe KomMnbiTepHaa ceTb?
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UTO Takoe KoMnbTepHaa ceTb?

YHuBepCcasibHOCTb (JII060M KOMIMbIOTED)
MacLTabnpyemMmocTb

CKOpOCTb

Hmn3kasa CToMMOCTb
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Ethernet
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Ethernet
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Ethernet
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Ethernet
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Ethernet
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Ethernet
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Ethernet
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Ethernet

eaANHasA WnHa
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Ethernet

signal

GND
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Ethernet
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Ethernet

signal

GND
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Ethernet




Ethernet




Ethernet

 MHe N NpULIEN AaHHbIN Kaap?
« KoMy cnatb OTBeT?
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Ethernet

 MHe N NpULIEN AaHHbIN Kaap?
« KoMy cnatb OTBeT? l

l Destination MAC address l

Source MAC address

\

Media Access Control

24 1 107



Ethernet

e MHe nv Npuwén AaHHbIA Kaap?

« KoMy cnatb OTBeT?

Destination MAC address

Source MAC address

A\ <

6 octets -
lst octet | 2nd octet | 3rd octet | 4th octet | S5thoctet | 6th octet
af——3 octets -} 3 octets—————

Organisationally Unique | Network Interface Controller
Identifier (DUI) (MIC) Specific
8 bits \
b7 b6 |b5 b4 |b3]|b2|bl| b0
L_ 0: unicast
1: multicast

0: globally unigue (OUI enforced)
1: locally administered

2571107



Ethernet

] b octets -
1st octet | 2nd octet | 3rd octet | 4th octet | S5th octet | &th octet

3 O e G ————— ] e G ——

Organisationally Unigue
Identifier (OUI)

Metwork Interface Controller
(MIC) Specific

8 bits

b7

b6

b5

bd | b3

b2|bl|bO

N

L_ 0: unicast

1: multicast

0: globally unique (OUI enforced)
1: locally administered
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Ethernet

 MHe N NpULIEN AaHHbIN Kaap?
« KoMy cnatb OTBeT? l

l Destination MAC address

Source MAC address

B0 00 20 YA 3F 3E B0 00 20 20 3A AE 08 00 IP, ARP, etc. 0o 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
(14 bytes) (46 - 1500 bytes) (4 bytes)

EmernetTg e Il Frame
(G4 to bytes)

27 1107



Ethernet

bytes 7 1 b b 2 A5 - 1500 4
Freamble || Destination | Source Length | LLC | Data Lnt Fad FCs
IEEE 3023 Frame
B0 00 20 YA 3F 3E B0 00 20 20 3A AE 08 00 IP, ARP, etc. 0o 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
(14 bytes) (46 - 1500 bytes) (4 bytes)

Ethernet Tjg e Il Frame

(64 to

bytes)

28 1 107



Ethernet

T—X——% signal X <




Ethernet

bosiblad CeTb

B(EEEE
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Ethernet

BlEE e8]
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Ethernet

o6Llada WuHa, Konam3nm

/\ /\
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Assemble a frame*+ T

y
Attempt €1

Phys. Addresses are
used {(MAC addresses)

some other station
transmitting? Vo<

l No [Recovered
Transmit 1% bit of
Ehe [ Collision
'l Yes recovery
<Cu||isinn detected? subalgorithm

Transmit
next bit
of the Yes
frame -
(End
Frame transmitbed
successhully

%runsmissinn ﬁ:ished?>

tu:.;
covered

..-—-""H’f*

Frame transmission failed
(oo many collisions)
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Ethernet

BlEE e8]
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Ethernet

paspbIB

N

BlEE e8]
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Ethernet

repeater

BlEE e
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Ethernet

‘110Xad maclwTabupyemMocCTb

Hn3kaa HaaeXHOCTb
KONN3nn

Hn3kaa CKOpOCTb
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Ethernet
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Ethernet

RX signal

-
TX signal
>
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Ethernet

COAXIAL CABLE
braided shield foil shield
" =t \ center conductor
-

dielectric
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Ethernet

COAXIAL CABLE

foil shield

braided shield

\ center conductor

outer jacket
dielectric
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Ethernet

COAXIAL CABLE

braided shield foikahiald
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Ethernet

i o »
=

straight cahle

Twisted pair cable

D Hﬂgneiic field

—) nduced noise current
43/ 107



Ethernet

D-LAm s rmee

Wireless Access Paint | ‘
with POE Support g’ < ‘

IP Phone ey
\ f____.x PCs

|P Camera with

PaE Support 9 44 [ 107




Ethernet

Pa3pbIiB, HO CETb
paboTocnocobHa

D-LAm s rmee

Wireless Access Point
with PoE Support § m -

g # :'_-:_E
IP Phone sy
\ #____.r' PCs

|P Camera with

PaE Support 9 45 [ 107




Ethernet

|5 T ] T—

Pt
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Ethernet

A|l|B||C||D Al|B||C||D
‘\\
Host
Bridge-..__,,_<:> Switch—__
+LAN
E[|F||G||H E[|F||G||H

(a) (b) (c)

(a) Konnieurparop (b) Moct (c¢) Kommyrarop
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Ethernet

& <) o

Workgroup Switch Workgroup Switch, subdued Voice-Enabled Workgroup
Switch
— 7

4 Ve

s

'
I 4 .
ATM Switch LAN2LAN Switch |SDN Switch Multilayer Switch with Si Multlayer switch ~ UItiaver Switch with i, vix 8000 Multiservice switch SW[tCh —

subdued <

3 @ ® B o

Program Switch Data Center Switch Voice-Enabled ATM Switch IP DSL Switch Content Switch Content Service Switch 1100

B &

Server Switch

Virtual Layer Switch Multilayer Remote Switch Layer 2 Remote Switch Multi-Fabric Server Switch
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Ethernet
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Ethernet

e yHuBepcasibHO

1/10X0 MacwTabmnpyemo
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Ethernet

— &
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MapLupyTmsatop

57 1107



MapLupyTnsartop
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MapLupyTnsartop
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MapLupyTnsartop

MAC D
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MapLupyTnsartop

MAC D
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MapLupyTnsartop

MAC D
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IP

Data
UDP | UDP
header| data
IP
IP data
header
Frame Frame
Frame data
header footer
80 0D 20 7A 3F 3E 80 00 20 20 3A AE 08 00 IP, ARP, etc. 00 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
{14 bytes) {46 - 1500 bytes) {4 bytes)
EmernetTg e Il Frame
(G4 to bytes)
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P

Data

UDP
header

UDP
data

Frame Frame
Frame data
header footer
B0 00 20 YA 3F 3E B0 00 20 20 3A AE 08 00 IP, ARP, etc. 0o 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
(14 bytes) (46 - 1500 bytes) (4 bytes)

Ethernet Tlg e Il Frame

(64 to

bytes)
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IP

Data

UDP | UDPF
header| data

IP

header IP data

Frame
Frame Frame data

header footer

B0 00 20 YA 3F 3E B0 00 20 20 3A AE 08 00 IP, ARP, etc. 0o 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
(14 bytes) (46 - 1500 bytes) (4 bytes)

EmernetTg e Il Frame
(G4 to bytes)
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IP
IP

0 4 8 16 19 31
Version ['Eﬁgﬁ{ _SEWic:E Type Total Length
|ldentification Flags Fragment Offset
TTL Protocol Header Checksum

Source IP Addr
Destination IP Addr

Options Padding
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IP

0 4 8 16 19 31
Version ['Eﬁgﬁ{ _SEWicE Type Total Length
|ldentification Flags Fragment Offset
TTL Protocol Header Checksum

Source IP Addr

Destination IP Addr

Options Padding
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MapLupyTnsartop
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MapLupyTnsartop
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IP

Switch

Application

Transport

Application

Network

MNetwork

Link

Transport

Link

Physical

MNetwork

Physical

Link

Physical

721107



Upper .
Layers

------------------------

Lower
Layers

OS]

Application

Presentation

Session

Transport

Network

Data Link

Physical

HTTP, FTP, SMTP
JPEG, GIF, MPEG

Apple Falk, WinSock

----------------------

TCP, UDP, SPX

IP, ICMP, IPX
router

Ethemet, ATM
switch, bridge

Ethemet, Token Ring
hub, repeater

731107



--------

Upper .

Layers

----------------

Lower
Layers

OS]

Application HTTP, FTP, SMTP
Presentation JPEG, GIF. MPEG
Session AppleTalk, WinSock
Transport TCP, UDP, SPX
IP, ICMP. IPX
Network st
D ata Llnk Ethemet ATM

switch, bridge

Ethemet, Token Ring
hub, repeater

Physical

741107
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e Kakomy
_ NPUNOXEHUID??
e /IckaxeHune
COEPXXUMOT0?

&
w I

* /I3meHeHune
nopsaaka naketoB?

 GparmeHTauma u
apyroe...
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 Kakomy
. NPUNOXEHUID??

* [/IcKaokeHune
COlEPXXMMOT0?

/

KOHTPOJIbHaA CyMMa
NOPT

NOpPAAKOBbLIN HOMEP _

—.* //I3MeHeHue
nopsaka nakeTtoB?

e PparmeHTaumsa v
apyroe...
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 Kakomy
. NPUNOXEHUID??

* [/IcKaokeHune
COlEPXXMMOT0?

/

KOHTPOJIbHaA CyMMa
NOPT

NOpPAAKOBbLIN HOMEP _

—.* //I3MeHeHue
nopsaka nakeTtoB?

e PparmeHTaumsa v
1 npoyee... ™ npyroe...
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TCP

Data
TCP | TCP
header| data
IP
IP data
header
Frame Frame
Frame data
header footer
80 0D 20 7A 3F 3E 80 00 20 20 3A AE 08 00 IP, ARP, etc. 00 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
{14 bytes) {46 - 1500 bytes) {4 bytes)
EmernetTg e Il Frame
(G4 to bytes)
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TCP

Data

TCP
data
IP
IP data
header
Frame Frame
Frame data
header footer
B0 00 20 YA 3F 3E B0 00 20 20 3A AE 08 00 IP, ARP, etc. 0o 20 20 3A
Destination MAC Address Source MAC Address EtherType FPayload CRC Checksum
MAC Header Data
(14 bytes) (46 - 1500 bytes) (4 bytes)

Ethernet Tlg e Il Frame

(64 to

bytes)

80 /107



TCP

header TCP

32 Bits Wide

& — G >

| 16 | 16 |
S—— A i o A

' 4 : 6 : 6 | 8 : 8 ﬁ:_ﬂ
:F Source Port 1 Destination Port |

r Sequence Number |

: Acknowledgement Number

i gf?st:t I HE;.;W[ ic [ Control Bits :, Window 1 TCP Header
r Checksum ﬂ Urgent Pointer

: Options I Padding |

r Payload (Data) |

\ / 81 /107




TCP

TGP St;t; TGP Packet TCF St;’[;

CLOSED LISTEM
m— | SEG: = 1000, GTL = SN ————>

SYMN-SENT =YMN-HECENED
(| 550 - 750, ACK = 1001, GTL = SYN | ACK |«

ESTABLISHED =YMN-HECENED
I | SEC - 1000, ACK =751, CTL = ACK K>

ESTABLISHED ESTABLISHED
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TCP

client server
close FIN Az
(active close) : (passive close)
ACK M1 read returns 0
ol -
FIN N close
-
ACK N4
=
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CLOSED

SYN_SENT

ESTABLISHED

FINWAIT_1

FINWAIT_2

TIMEWAIT

TCP

A B

SYN

w
— ok

“abC”

 »
<—ﬂ/

Ak —=

%

“hello”

IN AC
4_/AQK/
<—N/
— Aok

LISTEN

SYN_RECD

ESTABLISHED

CLOSEWAIT

LAST_ACK

CLOSED
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TCP

Starting Point

[ CLDSED r ................................. -
. |
appl: passive open '~ I
send:<nothing=> ~,
-~ |
v .
: [
LISTEN appl._amlve open !
recv: SYN : ] send.Sle l
send: SYN,ACK passive open ‘ i
L : S . [
- ~
.~ recv: RST ‘\4 I
| SYNLRCVD [ ._._._._._. _recv:SYN SYN_SENT |_appiclose _ !
" send: SYMN,ACK or timeout 1
, active open |
| recy: ACK recv: SYN,ACK |
. send: <nothing= send: ACK |
I
appl: close \.[ E5TABLISHEDr/ :
send:FIN P ~ 1
I apDl: clase’. recv: FIN I
: sepgci;FlN send:ACK passive close |
i (b CLOSE_WAIT | !
v “ FIN |
recv: .
| FINWAIT_1 . 20000 - CLOSING | sonlicloss |
! " ! send:FIN i
recv: ACK reov: FINACK  raey: ACK recv: ACK I
send: <nothing> send:AGK send:<nothing> [ LAST_ACK ]’ ‘send:<notting= "}
. \ N -
I Ty 1 [
L J A v .
( recv: FIN
FIN_WAIT 2 " cond:ACK ™" _p[ TIME WAIT '. _________________________________ »!

active close

— === » normal transitions for client

—— normal transitions for server

appl: state transition taken when appl. issues operation
recv: state transition taken when segment is received
send: what is sent for this transition
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TCP vs UDP

TCP

UDP

Keeps track of lost packets. Makes sure that
lost packets are re-sent

Doesn’t keep track of lost packets

Adds sequence numbers to packets and
reorders any packets that arrive in the wrong
order

Doesn’t care about packet arrival order

Slower, because of all added additional
functionality

Faster, because it lacks any extra features

Requires more computer resources, because
the OS needs to keep track of ongoing
communication sessions and manage them
on a much deeper level

Requires less computer resources

Examples of programs and services that use
TCP:

- HTTP

- HTTPS

- FTP

- Many computer games

Examples of programs and services that use
UDP:

- DNS

- |IP telephony

- DHCP

- Many computer games
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User TCP/IP

user space

kernel space

header IP data

Frame Frame

Frame data
header footer
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User TCP/IP

Data
TCP | TCP
header| data
IP
header IP data
Frame Frame data b
header footer

user space

¥y
:" @
I" *
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User TCP/IP

Application process

Application process

Thread 0 Thread 1

mtcp accept/() I |
_l mtcp epoll wait ()

User
Space Thre;ad 0 Threlad 1 |
accept () epoll wait()
In-kernel TCP Stack
Kernel

ixgbe driver

User-level TCP Stack

User-level packet 1/0O library

Linux

mTCP’s approach

89 /107



Throughput (Gbps)

wun

o

w

(.

=

o

User TCP/IP

mThroughput (Gbps)

——Transactions/sec

Linux REUSEPORT MegaPipe

mTCP

OO R EFEPNNWW-

N

i

un

N

Transactions/s (x 10°)
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Infiniband & RDMA

TCPIIP over
Ethernet:

Applications

System Calls

I
Stack

v

Driver
A

Interrupts

Kernel
Space

__________________________________

O'

Device

Hardware
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Infiniband & RDMA

TCPIIP over
Ethernet:

BHYTPU TOXE
obydoepsbl

Applications

System Calls

I
Stack

v

Driver
A

Interrupts

Kernel
Space

__________________________________

g8

Device

Hardware
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Infiniband & RDMA

/O I/O
data data data dats
E A
v z
sockets sockets
: :

. = = -
tcp/ip = RDMA = tcp/ip
; 5 = Y

T |
driver driver
. Y

¥ :
RNIC | ————  RNIC

> copy
'> copy
> Copy
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TCP/IP

Infiniband & RDMA

RDMA

RDMA

I/O
data data
&
E-I]Ei-L'.-E!tE
4
L e
= m@m
driver
4
RMNIC

>-:ﬂ|w
>-:ﬂ|w
>'33'F"n’
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Infiniband & RDMA

Application ' Application

l Buffer 1 : ~ Buffer 1 2

Buffer 1 Buffer 1

- &
0S & . 0S

Buffer 1 Buffer 1

RDMA over InfiniBand or
Ethernet

NI Buffer1

Buffer 1 NIC
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Infiniband & RDMA

Application
SRP MPI
& < >
&
g
TCP Direct
t sDP E Access
P2 IP;IE
110 GE 10 Gbps InfiniBand
Throughput 1Gbps | 39Gbps | 4.1Gbps | 45Gbps | 79Gbps | 8Gbps | BGbs
Latency 40 usec | 40 usec 20 usec 15 usec 15 usec Busec | 4.5usec
CPU Utilization | 30% 80% 85% 25% 4% 1% | >1%

= o
MPI: Message Passing Interface AaHHbIE 3a 2006-ou roA

SRP: SCSI Remote Protocol
uDAPL: User-level Direct Access Programming Language
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Infiniband & RDMA

Application
sSRP MPI
5 -« > »
g
9
TCP Direct
i ¥ sDP Access
P IPolB
§ 1/10 GE 10 Gbps InfiniBand
Throughput 1Gbps | 39Gbps | 4.1Gbps | 45Gbps | 79Gbps | 8Gbps | BGbs
Latency 40 usec | 40 usec 20 usec 15 usec 15 usec 8 usec 4.5 usec
CPU Utilization | 30% B0% 85% 25% 4% 1% 1%
MPI: Message Passing Interface
SRP: SCSI Remote Protocol
uDAPL: User-level Direct Access Programming Language EDR: 700NS
EDR: 500ns
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Infiniband & RDMA

Application
SRP MPI
& < >
i
S
TCP Direct
f ¥ sDP Access
P IPolB
i 1/10 GE 10 Gbps InfiniBand
Throughput 1Gbps | 39Gbps | 4.1Gbps | 45Gbps | 79Gbps | 8Gbps | BGbs
Latency 40 usec | 40 use 20 usec 15 usec 15 usec Busec | 4.5 usec
CPU Utilization | 30% 85% 25% 4% 1%

MPI: Message Passing Interface

SRFP: SCSI Remote Protocol

uDAPL: User-level Direct Access Programming Language
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| atencies

Event
1 CPU cycle

Level 1 cache access

Level 2 cache access

Level 3 cache access

| Main memory access (DRAM, from CPU)
Solid-state disk I/O (flash memory)
Rotational disk 1/O

Internet: San Francisco to New York
Internet: 5an Francisco to United Kingdom
Internet: 5an Francisco to Australia

TCP packet retransmit

OS5 virtualization system reboot

5C5I command time-out

Hardware (HW) virtualization system reboot
Physical system reboot

Latency

0.3
0.9
2.8
129
120
50-150
1-10
40
B1
183
1-3

30
40

ns
ns
ns
ns
ns
LS
ms
ms
ms

ms

Scaled

1 s
3 s
25
43 s
& min
2-6 days
1-12 months
4 years
8 years
19 years
105-317 years
423 years
3 millennia
4 millennia

32 millennia
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File systems in HPC
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File systems in HPC

Network file system:




File systems in HPC

Clustered file system:

serverl

1 server?2 | --

serverN

N
/e )

storage
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File systems in HPC

Distributed file system:

103 /107



File systems in HPC

Network

Cluster

Digiriow®
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File systems in HPC

Parallel file system:

 [NapannensHbI A0CTYN KO BCEM CepBepam

* [MapannenbHbIn 4OCTYN K AaHHbIM
 PacnpegeneHmne Harpysku

Fully parallel file system:
+ [NapasinensHbIin A0CTYN K MeTagaHHbIM
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File systems in HPC

MOS disk storage containing

Metadata Targets (MDT) @

Fool of clustered Metadata

Servers (MDS) 1-100 MDE 1_‘ MDS 2
(active] (standby)
Elan
Myrin et
InfiniBand

Simultaneous
support of multiple
network types

Lustre Clients
1- 100,000

Fouter

GigE

'l

\ = failover

Dbject Storage 5% storage with Object
Servers (055)

1-1000's @

Storage Targets (05T

0353

Shared storage
enables failover 055

_-:‘?;;‘
4 ;
0556 nterprise-Class

.«?"-ﬁf Storage Arrays and
SAR Fabric

D357
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