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Fulcrum’s	  Next	  Genera/on	  

• First	  to	  1	  BBPS	  and	  300nS,	  no	  corner	  cases	  
• First	  programmable	  and	  determinis/c	  pipeline	  
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Innova/ons	  

Fulcrum	  Innova/on	  Track	  Record	  
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Tahoe:	  First	  fully-‐integrated	  L2	  
24-‐port	  10G	  cut-‐through	  switch	  

Today	  

Shipped	  first	  
Tahoe	  silicon	  

2006	  
2007	   2008	   2009	   2010	  

Secured	  40th	  Tahoe	  
design	  win	  

Milestones	  

Tahoe	  released	  
to	  producHon	  

•  Lowest	  latency	  (200ns)	  
•  Fat	  tree	  (Clos)	  support	  
•  Parallel	  mulHcast	  
•  Lowest	  power	  (<1W/port)	  

Bali:	  First	  fully-‐integrated	  L3/L4	  
24-‐port	  10G	  cut-‐through	  router	  

•  Lowest	  latency	  (300ns,	  L3)	  
•  Enhanced	  Clos	  support	  
•  First	  to	  support	  IEEE	  DCB	  
•  Lowest	  power	  (<1.5W/port)	  

Secured	  200th	  
design	  win	  

Clear	  Choice	  winner	  in	  
Network	  World	  tests	  

Shipped	  first	  
Bali	  silicon	  

Bali	  released	  to	  
producHon	  

Alta:	  First	  to	  1B	  pps	  with	  
programmable	  pipeline	  
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Flat	  Networks	  Need	  High	  Radix	  Switches	  
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Spine	  
Switches	  

Leaf	  Switches	  

TOR	  Layer	  
• Create	  a	  Clos	  with	  the	  spine	  
• Port	  density	  determines	  scale	  
• Full	  bandwidth	  (no	  aggregaHon)	  

The	  Big	  Switch	  
• Significant	  investment	  
• Doesn’t	  change	  that	  o[en	  

Clos in the cloud!
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A	  New	  Class	  of	  Chip	  for	  Networking	  
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Programmability	  

Performance	  

Run	  to	  
Comple/on	  

Determinis/c	  
Comple/on	  

CPU	  

NPU	  

ASIC	  

Alta	  

•  No	  hope	  for	  line	  rate	  
•  High	  cost	  per	  packet	  

•  Started	  as	  a	  network	  instrucHon	  set	  CPU	  
•  Evolved	  to	  CPUs	  with	  ASIC	  offload	  
•  Cost	  and	  scaling	  issue	  

•  Specialized	  funcHon	  
•  Capability	  risk	  

Bali	  

Programmable vs. deterministic pipeline!
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Switch	  Architecture	  Best	  Prac/ces	  

• Determinis/c	  frame	  processing	  	  
-‐  Enhances	  performance	  
-‐  Avoids	  corner	  cases	  

• Pure	  shared	  memory	  
-‐  Efficient	  buffering	  
-‐  Low	  latency	  
-‐  Full	  mulHcast	  

• Compact,	  flexible	  port	  logic	  
-‐  Drive	  wire	  cost	  and	  density	  

• Fully	  provisioned	  
-‐  No	  corner	  cases	  
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RX Port !
Logic!

RX Port !
Logic!

TX Port !
Logic!

TX Port !
Logic!

Central Shared Memory!

Single Deterministic  
Frame Processing Pipeline!

"
"
"

"
"
"

Challenge:	  Memory	  must	  
run	  at	  100%	  event	  rate.	  

Challenge:	  Latency,	  Jieer,	  and	  line-‐
rate	  requirements	  on	  scheduler.	  	  
Lots	  of	  queues	  and	  replicaHons	  for	  
COS,	  ETS,	  and	  parallel	  mulHcast	  	  

Challenge:	  Must	  support	  all	  
features	  at	  full	  packet	  rate	  

Holy grail: Fully-provisioned, output-queued, shared memory!
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Common	  Compromises	  in	  the	  Market	  
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RX Port !
Logic!

RX Port !
Logic!













Frame Processing Pi!

Output!
Queue!

Output!
Queue!

TX Port !
Logic!

TX Port !
Logic!

Input!
Queue!

X!

Frame Processing!

Input!
Queue!

Problem:	  MulHcast	  implemented	  
as	  serial	  replicaHon	  -‐-‐	  consumes	  
N*output	  queues	  

•  Even	  some	  other	  shared	  memory	  switches	  have	  significant	  limita/ons	  
-‐  Must	  have	  a	  pseudo-‐dual	  ported	  memory	  that	  is	  greater	  than	  the	  packet	  rate	  (1BPPS)	  
-‐  Frame	  processing	  pipeline	  must	  also	  be	  >	  1	  GHz	  for	  all	  features	  

•  Hashing	  and	  other	  cache	  concepts	  don’t	  work	  for	  layer	  3	  

"
"

"
"

"
"

"
"

Switch!
Core!

Switch!
Core!

Switch!
Core!

Switch!
Core!

Problem:	  Replicated	  cores	  
create	  mulH-‐hop	  mesh	  packet	  
corner	  cases	  in	  the	  chip	  
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The	  Alta	  Architecture	  

•  Solu%on	  Performance	  
-‐  1	  BPPS,	  fully	  provisioned	  
-‐  300	  nS	  latency	  

•  RapidArray	  	  
shared	  memory	  
-‐  Fastest	  crossbars	  and	  memories	  
-‐  Lowest	  latency	  scheduler	  

•  FlexPipe	  
frame	  processing	  pipeline	  
-‐  Supports	  full	  event	  rate	  
-‐  DeterminisHc	  &	  programmable	  

•  Compact,	  flexible	  port	  logic	  
-‐  Every	  feature	  on	  any	  lane	  
-‐  Integrated	  PHY	  

•  Fully	  provisioned	  
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Output queued, shared memory.  No compromises – ever!!

RX Port !
Logic!

RX Port !
Logic!

TX Port !
Logic!

TX Port !
Logic!

RapidArray™"

Shared Memory"

FlexPipe™ 
Frame Processing Pipeline"

"
"
"

"
"
"

Solu/on:	  Memory	  that	  can	  
read	  and	  write	  at	  maximum	  
theoreHcal	  bandwidth	  

Solu/on:	  DeterminisHc	  pipeline	  
that	  can	  process	  packets	  at	  
maximum	  theoreHcal	  bandwidth	  	  

Solu/on:	  Centralized	  shared	  
resources	  capable	  of	  supporHng	  
maximum	  theoreHcal	  bandwidth	  
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RapidArray™	  Shared	  Memory	  Performance	  

Dense!
Crossbar!

•  Flexible	  reads	  and	  writes	  
-‐  Any	  port	  can	  write	  to	  any	  locaHon	  	  
-‐  Every	  port	  can	  read	  from	  any	  locaHon	  
-‐  A	  packet	  can	  be	  any	  size,	  64B-‐10kB	  

(including	  1B	  larger	  than	  you	  want)	  
-‐  All	  packet	  rewrite	  on	  Egress	  at	  line	  rate	  

•  High-‐throughput	  scheduling	  
-‐  Separate	  link	  list	  for	  RX	  and	  TX	  queues	  
-‐  In	  segment	  cut-‐through	  
-‐  Parallel	  no-‐drop	  mulHcast	  
-‐  Transmission	  SelecHon	  	  	  
-‐  Segment	  usage	  reported	  per	  segment	  

Hme	  to	  parallel	  watermark	  calculaHons	  

•  Unparalleled	  performance	  
-‐  1BPPS	  
-‐  About	  1000	  queues	  	  
-‐  67	  nS	  scheduling	  ring	  
-‐  Fine-‐grained	  segment	  size	  

RapidArray™ 
Shared Memory"

Memory!
(banked but deterministic)"

Scheduler!
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Statistics!

Modify!Header!

Channels!

L3+!
Lookups!

L3+!
Actions!

L2 Lookup 
& Filtering!

Global!
Ports!

Egress!
Actions!

Parser!

Atomic Tables (Bali & Alta)!

Micro-code programmable Logic (Alta)!
(Was fixed RTL in Bali)!

Alta’s	  FlexPipe™	  Packet	  Processing	  	  

Mux &!
Transform!

CAM! RAM!

Lookup	  
(paeern	  match)	  

Ac/on	  
(determine	  what	  to	  do)	  

CM!
&!

Sched!

Programmable and deterministic pipeline!
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CAM Slice N" CAM Slice Z" BST Slice 1" BST Slice M"CAM Slice 1" CAM Slice M" Remap"

The	  FlexPipe™	  FFU	  Architecture	  
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CAM!

Action!
RAM!

Action!
Cascade!

CAM!

Action!
RAM!

Action!
Cascade!

!

CAM!

Action!
RAM!

Action!
Cascade!

CAM!

Action!
RAM!

Action!
Cascade!

!

CAM!

Action!
RAM!

Action!
Cascade!

CAM!

Action!
RAM!

Action!
Cascade!

!

Keys!

Flags!

Keys!

Generic Pattern Match! LPM & Exact match!

BST	  table	  delivers	  10x	  less	  power	  and	  area	  per	  bit	  
searched	  vs.	  TCAM.	  	  Combined,	  TCAM	  and	  BST	  
efficiently	  offer	  a	  large	  search	  space.	  

Look-‐up	  hierarchy	  without	  
variability	  of	  mulHple	  passes	  

Efficient filtering and forwarding using CAM and BST!

Build	  up	  an	  instrucHon	  of	  acHons	  
for	  future	  processing,	  up	  to	  one	  
acHon	  per	  stage	  in	  a	  single	  pass	  
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Port !
Logic!

Port !
Logic!





Companion	  devices	  with	  FocalPoint	  
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Port !
Logic!

Port !
Logic!

RapidArray™"

Shared Memory"

FlexPipe™ 
Frame Processing Pipeline"

Port !
Logic!

Port !
Logic!









Application"
Accelerator!

Applica/on	  Accelerators	  with	  FocalPoint	  
•  FlexPipe	  programs	  “applica/on	  tags”	  exposing	  switch	  
resources	  to	  the	  applica/on	  

•  Further	  processing	  done	  in	  applica/on	  accelerator	  
Example	  Applica/on	  

• market	  data	  message	  switch	  

Payload 

“Application Tag”"

QOS"

From Clients" To Network"

Port !
Logic!

Port !
Logic!
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Thank	  You!	  

Uri Cummings!
   Founder, CTO!
uri@fulcrummicro.com"

818.871.8100!
www.fulcrummicro.com"

26630 Agoura Road!
Calabasas, CA 91302!


