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Objective

e To propose adeterministic routing algorithm for fat-trees
with asimilar performance to the adaptive routing
algorithm commonly-used in fat-trees

— Implicit in-order delivery
— More simple hardware implementation

« To provide amemory-efficient implementation for the
routing algorithms presented in this work

\ G A P Parallel Architectures Group CAC 2007, Long Beach (California, USA)
Grupo de Arquitecturas Paralelas 2



Outline

* [ntroduction

e Fat-trees

* Proposed Deterministic Routing Algorithm
* Performance Evaluation

e Conclusions

“ G A P Parallel Architectures Group CAC 2007, Long Beach (California, USA)
Grupo de Arquitecturas Paralelas



| ntroduction

e Clusters of PCs have grown in popularity in the last years
due to their excellent cost-performance ratio

e The interconnection network is important

* The chosen topology is usually regular:
— Direct Networks
— Indirect Networks
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| ntroduction

« Multistage interconnection networks (MIN) are atype of
Indirect regular topology

« All switches areidentical and organized as a set of stages

« Each stage is only connected to the previous and the next
stage using regular connection patterns

e Aslong as high degree switches are available, multistage
networks (MINs) have become very popular

— Among them, the fat-tree topology Is the preferred choice
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| ntroduction

Crossbar chip 24 port 16 port 8 port 8 port
Switch topology (| Fattree 2 g Fat tree 2 ( Fat tree 2 g Fat tree 2
Max size stand-alone switch 288 128 ports/9 RU | 128 ports 128 ports
Host adapters PCI-X PCI-Xt 64 bit PCl 2.1 | PCI-X

Port speeds 2.5, 10, 30 Gbps | 2 Gbps 3.2 Gbps 10.6 Gbps
Throughput large messages 6.6 Gbps (10 1.88 Gbps 2.5 Gbps 6.4 -7.2 Gbps
>64B Gbps ports)

CPU utilization at max 3% 6% N/A N/A
throughput

Send/Receive lat 16B message | 5 us 6.5 us 2 us 1.2 us
Send/Receive lat 4B message | 15 us 32 us 15 us N/A
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| ntroduction

* Routing isone of the most important design issues of
Interconnection networks

o Deterministic vs Adaptive:
)

B dpinveistihpath
between two nodes

1770 71 ﬁ
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| ntroduction

« Adaptive Routing
— Multiple paths for any origin-destination pair
— Need to select one path when a packet is routed
— Selection Function

S il N The selection
function chooses one

8: path for each packet
o transmitted.
O/
O—
O

“ G A F) Paralle ArhitectresGrop CAC 2007, Long Beach (California, USA) o




Fat-tree

o A fat-treetopology is based on a complete tree
o Fat-trees get thicker near the root

* A set of processorsislocated at the leaves

e A k-ary n-tree:

— switches with an arity of k O—
— nstages O—
* Descending linkswill be O— ><
labeled from O to k-1, and o——18
ascending links from k to 2k-1 O—r— ><
O— \>< \\
S I C— /w.\1
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Fat-tree

e Inak-ary n-tree:
— Each processing node is represented as an-tuple {0,1,...,k-1}"
— Each switch isdefined asapair <s,0>:

® Sisthe stage where the switch islocated at. Sin {0..(n-1)}

® Oisa(n-1)-tuple{0,1,... k-1}{r-1}
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Fat-tree
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Fat-tree — Adaptive Routing

* The commonly-used adaptive algorithm in Fat-tree:
— Accomplished in two phases:
o Upwards phase fully adaptive.
« Downwards phase is deterministic.

— The unique downwards path to the destination depends on
the switch that has been reached in the upwards phase.

— The decisions made in the upwards phase are critical.
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Fat-tree — Interval routing

Each port has associated a range or
Interval of destinations 0RE3 ?
A port can be used if packet »
destination id isinsidetheinterval | "L O /13 "

) 6 bpsf---»
| mplementation: i | e T ]
— 2registers (First Interval-Fl, : 7 [p<6<77

Last Interval-LI) 8 |l15] |OK
— 2 comparators per port
8g£15 7
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Deterministic Routing

» Reduce the multiple ascending paths to one
— Trying to balance the traffic in the network

* Attheswitch <s,0y, »,...,0; ,0,>, the chosen output port for
a packet with destination py, 4y,.-Ps.,Py,P, Will be k+pg
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Deterministic Routing
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Deterministic Routing
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Deterministic Routing — Flexible Interval

Routing

« Configuration registers, per

port

— FI: Lower bound of the

interval.

— LI: Upper bound of the

interval.

— MR: Sdlects the bits of the
destination that are
compared with FI,LI

— RRR: Defines the priority
of the output ports (1 bit

per port)

FI LI
MR (| RRR
MR || Fl
RRR || LI
MR | RRR
Fi LI

\[e\z
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Deterministic Routing — Flexible Interval Routing
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Performance Evaluation

 |In order to evaluate our deterministic algorithm, we will
compare it with the commonly-used adaptive routing
algorithm, using two different selection functions:

— First Free
— Stage and Destination Priority

[ F Gilabert, M.E. Gomez, P. LApez, J. Duato. On the Influence of the Selection Function on the Performance of Fat-trees. European Conf. on Parallel
Computing, Aug. 2006.
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Performance Evaluation

e First Free(FF): The FF selection function selects the first
physical link which is available

e Thisselection function achieves the worst performance
results, but it Is also the most simple one

F. Gilabert, M.E. Gomez, P. L6pez, J. Duato. On the Influence of the Selection Function on the Performance of Fat-trees. European Conf. on Parallel
Computing, Aug. 2006.
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Performance Evaluation

o Stage And Destination Priority (SADP): The SADP
selection function selects the physical link which will be
chosen by our deterministic proposal

o |f thislink isnot available, any other link is selected

* Thisselection function achieved the best performance
results

F. Gilabert, M.E. Gémez, P. Lépez, J. Duato. On the Influence of the Selection Function on the Performance of Fat-trees. European Conf. on Parallel
Computing, Aug. 2006.
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Performance Evaluation — Network Model

e To compare the deterministic algorithm proposed
previoudly, a detailed event-driven ssmulator has been
Implemented

* The simulator models a k-ary n-tree virtual cut-through
switching

o Each switch hasafull crossbar with queues both at the
Input and output ports

|t takes 20 clock cyclesto apply the routing algorithm and
the selection function
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Performance Eva uation — Network Model

* In-order delivery:
— Deterministic: Implicitly provided
— Adaptive: Anideal mechanism has been designed
e Seguence number in the packet header

One buffer at each destination to store out-of-order packets

No packet is delivered to the processing node if the previous
packets has not arrived

No additional delay
NoO retransmissions
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Performance Evauation — Network Model

o Two traffic types: Synthetic and Traces

— Synthetic traffic: Uniform, Bit-Reversal, Hot-Spot, Butterfly
and Complement traffic pattern

o All the traffic patterns, but the Bit-Reversal, present smilar
results

— Bit-Reversal isthe worst case of our strategy

» Only one up link of every switch is used in the deterministic
case

— Traces where provided by HP from the cello system

o Cdllo system isatimesharing system with a storage subsystem
— Traces from the 1/O cello subsystem
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Performance Evaluation

* We have evaluated a wide range of k-ary n-tree topologies.
— From 2-ary 2-tree (4 nodes) to 2-ary 8-tree (256 nodes)
— From 4-ary 2-tree (16 nodes) to 4-ary 6-tree (4096 nodes)
— From 8-ary 2-tree (64 nodes) to 8-ary 4-tree (4096 nodes)
— From 16-ary 2-tree (256 nodes) to 16-ary 3-tree (4096 nodes)
— 32-ary 2-tree (1024 nodes).

e Dueto space limitations, we show here only a subset of the
most representative simulations.
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Performance Evaluation - Uniform

Average Message Latency (cycles)
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Performance Evaluation — Hot-Spot

Average Message Latency (cycles)
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Performance Evaluation — Hot-Spot

Average Message Latency (cycles)
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Performance Evaluation — 1/O Traces

o 2-ary /-tree
132.259.774 e 128 nodes
- 585.005.648
385.776.088
26.461.374
< 580.688.769
88.269.240 I DET

Il FF - In-order
B SADP — In-order

13.236.574
x10 343.754.969

53.385.691

0 300.000.000 600.000.000
Total Execution Time (cycles)
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Conclusions

o QOur deterministic routing algorithm provide similar results
to the adaptive one when in-order delivery is not
guaranteed

 When in-order delivery is guaranteed and traces are used,
deterministic algorithm outperforms the adaptive ones

— I.e. deterministic improves performance in afactor of 3 over
SADP

e Deterministic algorithm is more ssimple:
— No selection function
— No additional hardware and protocols for in-order delivery
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Salection Functions — FF

Assuming that the
network is empty

One message sent
from node O to
node 7

One message sent
from node 3 to

4 ' node 8
@ 0,10 1,10 2,10
5 /

0,11 1,11 2,11
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Network Model

o Packet sizeis 8 Kb and packet generation rate is constant
and the same for all the processors in the network.

o Two different traffic patterns: uniform and complement.

— Uniform traffic pattern: message destination is randomly
chosen among all the processors in the network

— Complement traffic pattern: each processor sends all its

messages to the opposite node( |,e, node 000 send messages
to 111).

 All the packets have to reach the upper stage in order to arrive
to their destination.

* The second one is that each processor node only sends
messages to one destination.

Parallel Architectures Group CAC 2007, Long Beach (California, USA)
Grupo de Arquitecturas Paralelas 34



Network M odel

e Switch and link bandwidth has been assumed to be one flit
per clock cycle

 Fly time through the link has been assumed to be 8 clock
cycles

e Credits are used to implement the flow control mechanism
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