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 Interconnection networks are becoming an
Import part of micro-processing

e System power consumption Is increasingly

pecoming at least equally as important as

performance

* Interconnect networks are consuming an
ever greater percentage of system power
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* Interconnection networks are seen as only
scalable solution to inter-processor comm
by single-chip multiprocessors

e Soon, routers and links will be critical
components of a microprocessor system

 InfiniBand switch is estimated to dissipate
almost 37.5% of the blade’s power budget
In a Mellanox server blade
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« Simulator Is constructed within the Liberty
Simulation Environment (LSE)

« Goal: provide a complete platform for
exploring interconnected microprocessors,
whether single-chip or spanning multiple
chips, at the architectural level

 Power model for interconnects usable
from other tools
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Simulator Infrastructure
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e Adopted LSE as basic simulator infrastructure

» LSE targets fast design space exploration for modern
Microprocessors

e LSE models physical hardware blocks as logical
functional models which communicate through ports

* Integration of power models is based on the event
subsystem of LSE that facilitates collection of execution
stats

 Power models in power simulation are hooked to these
events

« Specific power model calculates and accumulates the
energy which is consumed
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Process of building a simulator
In LSE

network modules power
description semantics events timing library

( LSE j
workload ——{ simulator instance

f 4

POWCr pﬁl’fﬂlﬂlﬂﬂﬂﬂ
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Building blocks of

Interconnection network

 Interconnection networks can be
decomposed into component modules

 Modules are parameterized so that they
can be reused
* A relatively small library of modules is able

to represent an extensive range of
architecture choices
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* Architectural-level parameterized power
models are derived for several major

building blocks (FIFO buffers, crossbars
and arbiters)
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* For each component, first the canonical
structure Is described in terms of
architectural and technological parameters

 The detalled analysis is performed to
determine parameterized capacitance
equations

o Capacitance equations and switch activity
estimation are combined to determine
energy consumption/component operation
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Power Model for

Table 1. Terminology

C',(T) | gate capacitance of transistor/gate 7’
C'4(T) | diffusion capacitance of transistor/gate 7°
(r*r: (-T:] («'*_f; (TJ + («'*rf (-T:]
(', (L) | capacitance of metal wire of length L
E., =C, I:,q, or(,V? ., depending on how to count
swnches, provided (', 1is defined
Table 2. Model for FIFO buffers
Canonical structure
A FIFO buffer with 1 read port and 1 write port
// _u”:T v E‘Io—\. - \1—" co'lu'n:ins
Te Tha | J
) AN
4{{; . o . B rows
l: - ! [ hcel T
W eS0T |
| J{i’r 1 QQ TT :I SCISE amp
"\_ ) Weell i ___/
Architectural parameters
B buffer size in flits
F flit size 1n bits
P, number of buffer read ports
P, number of buffer write ports
Technological parameters
Dcenr memory cell height
Wep memory cell width
o wire spacing

r FIFO

uffer

Capacitance equations

204 (Tn)

wordline length L, = Flw.+2P.+P,)d,)

bitline length Ly = Bl(heen + (Pr+ Py)dy)

wordline cap. Cuw =2FC,(T,)+C,(Tywa) +
(«'Tu' L(er'a‘\)*

read bitline cap. Cy. = BCy(T,) + Cy(T.) +
Cu' (Lb.f)

write bitline cap. Cow = BCy(T)) + Cu(Tha) +
Cyw(Ly)

precharge cap. Ceony = Cy(T,)

memory cell cap. | Crey = 2(P. + Po,)CulT,) +

Sense amp energy

Ly from empirical model [28]

Operation energy equations

().ﬁrr'

number of switching write bitlines

Op

number of switching memory cells

read energy

Er'r-=r:rf = Err';’ + F(E!‘Jr' + 2Er-h_{; +

Er:mp)

write energy

Err'r'f — Err'! _I'(j!’lrr'EfJu"l’(jfzr-Er-rJH

(*) Ip

precharge transistor, /;,, is the memory cell inverter.

is the pass transistor connecting bitlines and memory cells, 1,4 is
the wordline driver. 7}, 1s the write bitline driver, 7/ is the read bitline




Discussion
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 Power models are based on detailed
estimates of gate and wire capacitance and

switching activity

 In process of validating power models
against measured power numbers of
existing routers and against low-level
power estimation tools
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« Currently working with chip-to-chip and on-
chip link designers to develop
parameterized link models

 Power models (coded in C) as part of
Orion’s release
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Walkthrough example:

wormhole router

 Will move a head flit (smallest unit of flow
control, and Is a fixed-sized unit of a
packet)
e Assumptions:
— router has 5 input/output ports
— 4 flit buffers per input port
— each flit 32 bits wide
— 5x5 crossbar
— 4:1 arbiter per output port
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Model of simple wormhole
router in Orion

reqy grant |
req s grant g
reqqy; Arbiter  grant
&gy grant y;
feqe grant 5
~ req grant
write read select
Source F —'# Sink
config .
= in out

Mg U'LlTE

Buf W ll.h_r,‘ Crossbar outy,
Hhy outy Legend
ing outg =

[ ] modules

B oo

E,f.l’-if — E-u.l-:'f + Er:-r'f) + E-r'ﬁ'r:r.f + E,J’.‘I'} + Ef-i-r‘:.#
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Table 3. Model for matrix crossbars

Canonical structure and notation
Tid
[ L i £ i o T U Y . —
| - ;2“> “D _D . Capacitance equations
" i —/ : mput line length L, =0 -W -uy
v y : : . output line length | L,,, =T-W -l
the S;H;quares ‘—D ¢ 0. "D "D mP“ illpm line cap. (-'T.r.' b_in = Q- (~'T-i-r'4._r.'-r'4.f + (-'Tr.- (Tiri ) +
e conmectors Tea CuwlLin)*
ouhut O outbut 2 output 1 output line cap. Cobout = I'Coyt et +C (T oa)+
connector either a tri-state buffer or a trans- Cu(Lout)
mission gate control line cap. Cototr = W-Crppmt +C 0 ( L.;” )
Clin_ent input node cap. of a connector Operation energy equations
C'out ont output node cap. of a connector Ori number of switching input bits
Clotromt control node cap. of a connector Oro number of switching output bits
Architectural parameters traversal energy E b = (S.r.'-i. Er b_in T (S.r.' 0 E.r.'b_r.: ut
I number of crossbar input ports o : s -
o) number of crossbar output ports (%) I’ 4 is the input driver, 1], is the output driver.
W port width in bits
Technological parameters
hy track height
wy track width
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Table 4. Model for matrix arbiters

Canonical structure and notation

'.'l
o)

\
o

-
r~—t

NS

N

Capacitance equations
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request cap. | Chreq = Co(Ty) + (R —1)Cy(Tn1) +
L. . T
ERFE?GE@ rflf-at[ax 1| (-'.q (T-'N"E) i
—1l) 1] ops
b grant cap. Cynt = Cy(Tro)
priorities (m ;) ll ll Ve o ™ priority cap. | Cpri = Cpp + 20,(TN1)
N By i‘“%— - | [ intemal cap. | Cyyy = Cy(Tng) + Cy(Tna)
, . ; - ﬂ; T clock cap. Cop = Cpe
ra ! e min = -
—i B >} gnts Operation energy equations
reqg : I : ar number of switching request signals
| erant generation | r;ffi)f ! Sap number of switching priority bits
| Joge ; \Z / O i number of switching internal nodes
I Z
C'rr switch capacitance of a flip flop arbitration Epp = 00r By +0upEpri +00i By +
Cre clock capacitance of a flip flop energy (Eyni + Epp_eir)
Architectural parameters o ] o
al ps () 1y 1s the first level NOR gate, 12 1s the second level NOR gate,
I number of requesters Ty is the inverter.
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Case Studies
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e Authors envision three primary uses for
Orion

 They provide examples for each one of the
envisioned uses

 The case studies are various design space
explorations over the same system
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Three potential ways of utilizing
Orion

workload
@nﬂg, —» Orion, Orion, [+ *:D_ﬂﬁ_@
<power, <power,
performance>, performance>,

(a) Exploring different configurations

| workload, workload, Litrary of modiules
and power models warkload
: - _ﬁ“\ . new . . ﬂIS&
OFIDn.l ‘_Qo_ﬁg/"_- O”Dnl’ E =, confi O”Dn1 OI"lﬂiI"'I2 . confi
@ { i
<pOWer, <power, - 0 <power, <pOWEr,
performance>, performance=, performance>, performance>,
(b) Exploring different work- (¢) Exploring new microarchitectures
loads
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Experim
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« 16-node network

« Each router has 5 physical bidirectional ports
* Router keeps count of available buffers

* No dropped packets

» Source dimension-ordered routing is used

« Simulator generates uniformly distributed traffic to random
destinations unless otherwise mentioned

Figure 4. A 4-by-4 torus network.
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Exploring Configurations:
wormhole vs. virtual-channel

 Four different router configurations are

compared:

— wormbhole router with 64-flit input buffer per port (WH64).

— virtual-channel (VC) router with 2 VCs per port and 8-flit input
buffer per VC (VCL16).

— virtual-channel router with 8 VCs per port and 8-flit input buffer per
VC (VC64).

— virtual-channel router with 8 VCs per port and 16-flit input buffer
per VC (VC128).
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network power (W)
ad = [y ] (5] )
= =] =] =] =

FJ
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packet injection rate (packet/cycle/node)
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(c) VC64 average power breakdown, arbiter
power 1s invisible at current scale.
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Exploring Workloads: broadcast
vS. uniform traffic

 Compares two traffic patterns

e uniform random traffic, i.e. each node injects packets
to randomly distributed destinations other than itself in
the network.

e broadcast traffic, i.e. one node injects packets to all the
other nodes in the network.
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(a) uniform random traffic (b) broadcast traffic from node (1.2)
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Exploring new micro-arch:
central buffered routers

 Two different router architectures are

explored:

— Central-buffered router with a 4-bank central buffer,
each 1 flit wide, 2560 chunks (2560 rows, each row 4-
flit wide), 2 read ports, 2 write ports, and a 64-flit input
buffer at each port (CB).

— Input-buffered crossbar-based router with 16 virtual
channels, 268-flit input buffer per VC and a 5x5
crossbar(XB).
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Results Case 3
(random traffic

100
90 t
80 t
or link
60
50
40t
30 +
20 t

percentage of componant powear (%)

input

10k buffer

packet injection rate (packet/cycle/node)

(c) average power breakdown of XB router
(random traffic), arbiter power and crossbar
power are invisible at current scale.
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(f) average power breakdown of CB router
(random traffic). arbiter power and input
buffer power are invisible at current scale.
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Related Work

« Architecture-level mechanisms for power-efficient
Interconnection networks are sorely lacking

e Low-level tools require complete RTL level code and take
on the order of hours

* Previous studies for power models focused on power
consumption of different network topologies

 Models were adopted based on transistor count, switch
width or low-level power estimation tool estimates
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Conclusions
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e Orion is a useful tool/model for rapidly
exploring power-performance tradeoffs in
network micro-architecure design
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