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Analogy: postal system

& Addressing (IPv4)

endpoint Network endpoint Locate, not identify
layer
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First-Generation IP Routers
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—@j [DMA] DMA :|

Shared Backplane

. %&?E E'—ﬁ j:fl-E Uﬁ%g*l%é Line Line |®| Line

Interfa Interface Interfac

- I8H: XAEBXERX

|MAC| MAC




R > CPUR AL Second-Generation IP Routers
- =] B/\" ICAE
j:g Buffer
= Solution: V
- EP+ oMK
- %ﬁﬁcache}i'iﬂi Line Line Line
. RO HEF R RRHREE Cata | | Cara || cCara

0 Local Local Lodal
. TEcacherHRBIITLIE4->CPU e | [ | [
" ?%D*Eﬂ%{*t emory emory emory

Port mapping intelligence in line cards

Higher hit rate in local lookup cache
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= SDN (software-defined networking) - ‘
Neighbor Link state
table database
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) j:?éﬂéu Egﬁ}&ﬁﬁ%ﬁ Forwarding table
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» Memory (HXZERTF)
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routing
processor

high-seed
switching
fabric

router input ports

router output ports

routing, management
control plane (software)
operates in millisecond
t|me frame

.omard ug dara plane
(hardware) operites in
nanosecond

timeframe
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ZTPAN

= Line termination: receives
physical (analog) signals and
turns them into digital signals

= Rate of link connecting to a single
port termed line speed or line
rate (modern routers: 100+

Gbit/s)

= Link layer: performs medium
access control functions (e.qg.,
Ethernet)

Input port Output port
Input port Switching Output port
fabric
Input port Output port
Link Per-output
| Line | | Layer || Route || Queues
Term /MAC IOOkUp
(receive) (I

switching
fabric '
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= Route lookup: high-speed lookup
of which output port the packet is
destined to

= Goal: must complete this
processing at the line rate

= Queueing: packets may wait in
per-output-port queues if packets
are arriving too fast for the
switching fabric to send them to

the output port @ mausas '
B

Input port Output port
Input port Switching Output port
fabric
Input port Output port
Link Per-output
| Line | | Layer || Route || Queues
Term /MAC IOOkUp
(receive) (I

switching
fabric '
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SINEF
ERREEIINE—RNGE LIRER ITes, BEIE{EFIFO;

/BlE%: AEEZEDISR: ‘head of line blocking” (B MHINRIFIFOE SN IENZETEAY P&
BUAYEHE, MIXEIRASEEANSIEN NI AEFA e L=H, BREABAZNIEMREEER)
A

BEMEUHRTTE:

XHFIRO (First in Random out) ,
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ZERMANETS (—RALKIKESZFIFORAYY) ;
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= Components in reverse order of

those in the input port @ saEEEs
B

= This is where most routers have the
bulk of their packet buffers

= Recall discussions regarding router
buffers from transport

= MGR (multi-gigabit router) uses per-
port output buffers, but modern
routers have shared memory buffers

= More efficient use of memory under
varying demands

Input port Output port
Input port Switching Output port
fabric
Input port Output port
Link
| Queues | Layer |_| Line
IMAC | |Termination|
I | |transmit)
Switching To output 4
fabric '
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= Two important policy decisions

= Scheduling: which among the
waiting packets gets to Dbe
transmitted out the link?
= Ex: First-In-First-Out (FIFO)

= Buffer management: which among
the packets arriving from the fabric
get space in the packet buffer?

= When and which packet to drop
= Ex:Tail drop: later packets dropped first

Input port Output port
Input port Switching Output port
fabric
Input port Output port
Link
| Queues | Layer |_| Line
IMAC | |Termination|
I | |transmit)
Switching To output 4
fabric '
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 HS=NF (memory)
« R2% (bus)
= crossbar

" ZRITHRIH .

= Banyan
= Clos
= Butterfly
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Input port Output port

El E Bﬁ % ﬁ ?ﬁ é% 1;@ Inplft. !o = Sv;l;tgnéng Out.p.lf’[ port

Input port Output port

 ERARENTHIG I EIEZR (nonblocking) :
= NR—MEHIROR “SHRAY", —PMANGRORERILARIEER, MASHIHRES
AR =GR

= Crossbarst3 #1111 /93 ERH ZERY

= Shared memory can be designed to be nonblocking if memory is
optimized to be fast enough




Input port Output port

_ ﬁ a[ﬁ éi% 1;@ Inpl:ltl .port ifCT Out.p.lft port

Input port Output port
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 B\SI RT3 Him CRYFF =4

= Fundamental, unavoidable, given the route
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Input port Output port

%U Ej%é&/ \}ﬁ *’j Input port Switching Output port

fabric

Fabric goal: Ferry as many packets as possible from
input to output ports as quickly as possible.

@\g =
= =

=0 B L=

Input port Output port

=

memory bus crossbar
Input port writes packets into Single shared channel to move ~ Each input port has a physical
shared memory. data from input to output port. data path to every output port.
Output port reads the packet Easy to build buses; technology ~ Switch at the cross-over points
when output link ready to is quite mature. turns on to connect pairs of@s.

transmit.
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Stage 1:
2x2 switches

Stage 2:
3x3 switches

Stage 3:
2x2 switches
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