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InfiniBand Networks Host Channel
/ Adapter (HCA)
F H1l L H2Je——
< Switch
—> ————>
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—>H3 > H4

Switches and HCASs, connected via unidirectional channels.
We model this as a graph C )
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If the CDG Is acyclic, no deadlocks can occur.

Dally/Seitz, Deadlock-free message routing in milti-processor interconnection networks, 1987
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Dealing with cycles in the CDG

. lgnore the problem, rely on timeouts / retransmissions (MinHop)
. Restrict routing such that no cycles can form, i.e. (Up/Down)
. Use Virtual Lanes (DF-SSSP, LASH)

Virtual
Lanes \\ =) D -
(VLs) < | =
N — | 3||| Physical\ || 2
\ = Lnk /|| 8 7
. \ Each VL h
Switch Port Switch Port ail(;dicatezs

set of buffers
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Virtual Lanes in InfiniBand

How does IB implement VLs:
A The sender sets a Service Level (SL) in the packet header

) C )
A Each switch has a SL-to-VL mapping table

which maps (input channel, output channel, SL) to the
outputVL: ( )

A denotes physical channelausing VL i

The combination of thoserelation lets us define a virtual routing
function ()

Switches cannot access input VL, or change the SL!
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Utilizing Virtual Lanes - Layering

A Each path from sourceto destination uses one VL, each VL

forms a layer. If the CDG of each layer is acyclic, there are no
cycles.

3 3)

|

60«— 110 11— 12+——38

16— 100 1101 9 7
4 2

Layering moves three edges! We can do better!

Which paths to move to minimize #VLs? NP-complete!
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Utilizing Virtual Lanes T VL Hopping

A 1B allows changing the VL within
resourcesto break cycles

T S
6 < 11— 12——8
1—10 106—9- 7

;

Which paths to move to minimize #VLs? NP-complete?
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Incrementing the VL

A If weincrementthe VL at every hop, the CDG s acyclic:
C ) thus

() thus we can sort D topologically, since<is a
total order,therefore D is acyclic.

A The number of VLs used = number of hops, good for low-
diameter topologies!

In Out SL VL
In Out SL VL 1 2 X 1 In Out SL VL
4 2 X 0 4 2 X 0 1 4 X 1
\/ \N/ \/ .
v VLO v VL1 —v For diameter-
1 2 = 2 3 1 2 two networks
S1 S2 VLO S3 . L
Incrementing

4 3 4 3 4 3
the VL is trivial.
VL0 VL1 VL 1

H1 H2 H3
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Incrementing the VL (diameter > 2)

Same input/output
port, but different VL!

VLO VL1 VL 2
1 2 1 22 j 1 73 I 31 2
S1 S2 VLO S3 VL1 sS4
4 3 F---> 4 3 4 3 r14 3
| vL2 | !
|;|)_ 0 | L VL1
H1 H2 H3

Leveragethe full power of SL-to-VL mapping and use different SLs

for different source/destination pairs!

A Different SL for each pair? A 16 SLsin IB, only four leaf
switches!
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Results: Slim Fly Topologies (Diameter Two)

Routing

BDF-SSSP

Y LASH
MinHop+DF-D2
SSSP+DF D2

722

242 338 578 1058
Number of Switches

N w ~
| | |

Number of VLs used
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