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Abstract

Achieving good overall performance in multicomputers requires matching application
communication characteristics with a suitable network design. In order to study the com-
plex interactions between router policies and communication workloads, we are building
SPIDER (Scalable Point-to-point Interface DrivER), an experimental router that imple-
ments various routing-switching combinations through microprogrammable routing engines.
By simulating a network of SPIDERs at the cycle level, we evaluate the performance of
several routing and switching schemes under a variety of traffic loads. These results show
that tuning network policies to application communication characteristics can significantly
improve multicomputer performance.
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1 Introduction

Message-passing multicomputers have emerged as a cost-effective platform for exploiting con-
currenc in a variet of applications n these s stems fast message exchange ena les e cient
ne-grained cooperation et een processing elements  chieving good overall performance re-
uires matching application communication characteristics ith a suita le net or design o -
ever parallel applications impose a ide range of communication patterns on the underl ing
interconnection net or cienti ¢ computations parallel data ases and real-time appli-
cations generate distinct distri utions for message lengths interarrival times and target
destination nodes

Message lengths can var depending on pac eti ation policies as ell as the t pe of com-
munication eg data re uests data transfers and ac no ledgement messages  hile message
interarrival times depend on tas granularit and scheduling ithin the net or inall  mes-
sage destination distri utions depend on the mapping of communicating tas s across the nodes
in the net or his paper sho s that tuning net or policies to these diverse application char-
acteristics can signi cantl improve multicomputer performance hese net or policies are
implemented in the router hard are that connects an individual processing node to the inter-
connection fa ric and manages tra ¢ o ing through the node en route to other destinations




tis di cult to design a router hich performs ell under all communication or loads n
particular these diverse communication patterns signi cantl impact the suita ilit of net or
s itching and routing schemes  he s itching scheme affects communication performance
determining hat lin and uffer resources a pac et consumes at a given node in its route

raditional re uires incoming pac ets to uffer completel efore transmission
to asu se uent node can egin n contrast cut-through s itching schemes such as
and tr to for ard an incoming pac et directl to an idle output lin

f the outgoing lin is wus virtual cut-through s itching uffers the pac et hile a loc ed
ormhole pac et stalls pending access to the lin

he routing algorithm determines hich lin s a pac et traverses to reach its destination

routing generates a single deterministic outgoing lin for an incoming pac et  hereas

schemes ase the routing decision on prevailing net or conditions considering

multiple outgoing lin s adaptive algorithms can increase the li elihood of cut-through at inter-

mediate nodes and alance the tra cload in the net or hese algorithms ho ever ma also

increase protocol processing overhead due to the possi ilit of out-of-order arrivals hile

most o livious routing algorithms generate onl minimum-hop routes et een the source and

destination nodes some adaptive schemes consider routes in the hope of circum-
venting net or congestion or fault lin s

iven the uni ue characteristics of each routing and s itching scheme choosing different
schemes for each or load allo s the net or to accommodate diverse application characteris-
tics Most existing routers ho ever onl support one routing-s itching com ination limiting
the net or sa ilit to adapt to applications  his paper sho s that exi le hard are support
for routing and s itching ena les multicomputer net or s to effectivel handle a variet of ap-
plications n order tostud the complex interactions et een router polices and communication
or loads e are uilding cala le oint-to-point nterface riv an experimen-
tal router that implements various routing-s itching com inations through microprogramma le
routing engines Microprograms compute the routing-s itching decision for each arriving
pac et depending on the pac et s header and prevailing net or conditions

he next section of the paper highlights application communication patterns and motivates
ho  exi le routing and s itching can improve net or performance ection descri es -
and discusses ho it can tailor routing and s itching schemes for a diverse set of parallel
applications simulating a net or of s at the c cle level ection evaluates the
performance of and the different routing-s itching schemes under various application
or loads ar ing these lo -level parameters re uired a exi le simulation environment for
evaluating multicomputer router designs ection concludes the paper ith a discussion of
future or on tailoring net or policies to application characteristics

Moti ation

arallel applications generate a ide range of communication or loads depending on the
application s granularit and mapping across multiple nodes Multi-user s stems exacer ate
these effects since different applications ma run these applications ma execute
on different parts of the net or or even time-share the same processing elements onse-
uentl communication characteristics such as message interarrival times lengths and target
destinations var su stantiall on modern parallel machines as discussed elo



arlier studies of multicomputer net or s have t picall modeled
message arrivals as a oisson process ith exponentiall -distri uted interarrival times  his
assumption as made in part due to the anal tical tracta ilit of such models and the lac

of more realistic data o ever detailed measurements of multicomputer applications have
led to more sophisticated message generation models n particular these studies sho that
applications t picall generate urst net or tra c due to multi-pac et messages and

ne-grain handsha ing et een cooperating nodes  imilarl multicast communication for

arrier s nchroni ation or glo al reduction operations can spa n several copies of a single
message  hese tra ¢ models have signi cant impact on net or evaluation since oissonian
arrival processes t picall ield over]l optimistic performance results

Message and pac et lengths depend on several factors including
pac et-si e restrictions and the mixture of data and control messages  Ithough xed-length
pac ets or exponentiall -distri uted lengths simplif anal tic models recent or sho s that
real multicomputer applications t picall generate pac et-length distri utions

his occurs ecause inter-node communication often consists of large data transfers coupled
ith small re uest and ac no ledgements pac ets router design can accommodate different
pac et lengths  separating short and long pac ets onto different virtual channels sa
further optimi ation the egment outer rchitecture emplo s different s itching schemes
ased on pac et length long pac ets use ormhole s itching to limit uffer-space re uirements
hile short pac ets use virtual cut-through s itching to reduce channel contention

Message destination distri utions var a great deal depending on the
net or topolog and the application s mapping onto different processing elements hile man
anal tical and simulation studies evaluate a uniform random distri ution of destination nodes
this pattern does not capture the communication localit or tra c¢ non-uniformities that arise
in man applications  op-uniform tra c distri utions can represent spheres of spatial local-
it ut these still do not capture the communication structure of speci ¢ parallel algorithms
or applications n particular man scienti ¢ programs generate permutation patterns such as

matrix-transpose dimension-reversal  it-complement and it-reversal ther appli-
cation constructs such as s nchroni ation or multicast operations ma induce hot-spots of
heavil -utili ed nodes and lin s inall d namic models can produce variation in

target destinations during the course of application execution

S I R Architecture

ith such diverse application characteristics no single set of router policies performs est
under all conditions supports a road spectrum of multicomputer applications through
exi le support for routing and s itching hile this exi ilit could e achieved through a
pure soft are router implementation servicing multiple incoming and outgoing lin s entirel
in soft are ould over helm a conventional processor nstead implements soft are
control as close to the net or as possi le  dedicating a small custom routing engine to each
incoming lin

ssho nin igure manages idirectional communication ith up to four neigh-
oring nodes  ith three virtual channels on each unidirectional lin he programma le
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routing controller a -pin custom integrated circuit measuring is the
cornerstone of he s control pac et transmission  hile the mi-
croprogramma le routing engines coordinate pac et reception  ach routing engine performs
lo -level routing and s itching operations for a single incoming lin ith the three virtual
channels sharing the custom processor  he net or interface performs the media access
and o control on four pairs of M chips these transmitters and receivers
control the ph sical lin s providing a lo -cost er-optic communication fa ric  he s
and s perform the necessar interleaving of virtual channels to and from the ph sical
lin s ona ord- - ord asis

treats out ound virtual channels s as individuall reserva le resources
allo ing the device to support a variet of routing and s itching schemes through exi le control
over channel allocation policies he reservation status unit handles re uests from arriving
pac ets to reserve or relin uish s providing lo -level support for oth connection-oriented
and connectionless transfer on each virtual channel  n arriving pac et can invo e a variet
of policies for selecting and reserving out ound channels pon receiving the header  tes
from the incoming channel the routing engine decides hether to uffer stall for ard or drop
the pac et ased on its microcode and the pac et s routing header routing engine can
respond to net or congestion asing its routing decision on the reservation status of the
outgoing virtual channels reserving multiple s the can for ard an incoming
pac et to several output lin s simultaneousl allo ing to support e cient roadcast
and multicast algorithms

he host controls channel reservations for an pac et stored in the uffer memor as-
signing the pac et to a particular he host transmits a pac et feeding this

ith page tags that each include the address of an outgoing page and the num er of ords
on the page i e ise the host e uips each ith pointers to free pages in the memor
for storing arriving pac ets  he control interface also provides read access to an event ueue
that logs page-level activities on each channel  he host can in uence a routing engine s opera-




tion at run time through noti cation s addressa le as part of s control interface

hese s provide idirectional communication et een a routing engine and the host or
example the host ma  ish to inform a out fault lin s or memor usage at the local
node so the routing engines can adapt their routing-s itching decisions accordingl

o illustrate the interaction et een the host and the net or consider ho a
message travels from the source node cuts through an intermediate node and arrives at the
destination node

hen an application re uests the host to transmit a to another node
the host disassem les the message into multiple here a pac et consists of one or more
possi | non-contiguous sing the control interface the host feeds page tags to the
appropriate to initiate pac et transmission fter reserving the the
fetches the - it data ords from each page uring this memor transfer the
transparentl accumulates a - it ¢ clic redundanc code for error detection fter
sending the last data ord of the pac et the transmits a - it timestamp read from a
counter on the follo ed  the the timestamp values facilitate cloc s nchroni ation
and computation of end-to-end pac et latencies  he transmits each of these ords to
the transmitter a at a time the device converts each  te into a string of
for transmission on the serial lin

ac et reception egins hen data arrives at a receiver  he receiving
initiall for ards data to its routing engine until it has accumulated enough header ords
to ma e a routing decision for the pac et f the pac et is destined for a su se uent node the
routing engine can tr to for ard the pac et directl to the next node  reserving an
f the routing engine is a le to esta lish a cut-through the engine then sends the data it has

accumulated to that transmitter and con gures the to for ard su se uent data ords
directl to the reserved passing the routing engine entirel hen the pac et has
cleared the node the automaticall recon gures itself to for ard the next pac et header

to the routing engine

hen stores the pac et at the local node ho ever the routing

engine con gures the to directl  uffer the pac et reaccumulating the as the data
ords travel to the memor interface rites these ords into pages in the uffer
memor and logs the arrival and si e of each page in the event ueue t the end of
the mnal page of the pac et appends the pac et ith a receive timestamp and logs
a pac et-arrival event indicating the outcome of the chec f the pac et has reached

its destination the host reassem les the pages into a pac et and the pac ets into a message
ther ise the host schedules the pac et for transmission to the su se uent node in its route

ena les a multicomputer net or to tailor its routing-s itching schemes to the
characteristics and re uirements of parallel applications ach routing engine includes an -
it arithmetic logic unit for manipulating routing headers ac ets can invo e different
routing and s itching algorithms through conditional ranches off pac et header elds this
provides more exi ilit than a ta le-loo up scheme since microprograms can parse a variet of



header formats  he routing engine can also ase its routing-s itching decisions on the incoming
virtual channel identi er allo ing to implement different microprograms for
each virtual channel  his is useful for implementing deadloc -free ormhole routing algorithms
that differentiate et een pac ets on different virtual channels

n addition ma partition tra c across different s ith distinct net or
policies  or example time-constrained messages can use pac et s itching and static routing
for predicta le performance hile est-effort pac ets improve their average latenc through
cut-through s itching and adaptive routing  arr ing these t ot pes of tra c¢ on different
virtual channels allo s real-time communication to coexist ith est-effort pac ets ithout
sacri cing the performance of either class imilarl the router ma separate short control
messages and long data pac ets onto different virtual channels perhaps ith different s itching
policies

can also assign routing algorithms to improve end-to-end performance  Ithough
adaptive routing can reduce net or latenc out-of-order pac et arrivals can increase soft are
processing dela s at the receiving node  pportunities for adaptive routing depend on the net-
or topolog and the distance a pac et must travel to reach its destination can
alance the trade-off et een net or latenc and depac eti ation overheads implement-
ing adaptive routing onl for single-pac et messages or pac ets that must visit a large num er
of intermediate nodes  or these messages additional routing adaptivit ma signi cantl re-
duce net or latenc out eighing the cost of pac et reordering  or messages traveling short
distances can impose static routing to eliminate out-of-order pac et arrivals

s exi ilit allo s multiple parallel applications to execute simultaneousl  ithout
forcing all communication to adopt the same routing-s itching policies  t run time thes stem
ma assign a ne application to a set of processors and do nload the appropriate microcode
to the routing engines in each node or example one application ma emplo static ormhole
routing on a su mesh hile another application allocates a separate su mesh using
virtual cut-through s itching ith adaptive routing  ach application ma determine ho to
allocate the virtual channels on each of its lin s using the virtual channels to partition different
tra c classes or to add exi ilit to deadloc -free routing algorithms  hese options enhance
user control over the underl ing interconnection net or to improve application performance

er ormance aluation

s exi ilit facilitates experimentation ith different routing-s itching schemes and
communication or loads his ena les comparisons et een candidate router policies on a
common platform in order to tune net or parameters to application characteristics and per-
formance re uirements

valuating multicomputer net or policies re uires a exi le simulation environment m-

plemented in point-to-point message simulator isano ect-oriented discrete-
event simulation tool for evaluating multicomputer router architectures esides provid-
ing a general frame or for evaluating router architectures includes a ¢ cle-level

model of that captures the details of o control resource ar itration and microcode



execution  sing a high-level speci cation language the user can select the net or topolog
internal router policies and the tra c patterns generated  each node

ommunication patterns stem from a collection of independent tas s each ithitso n
performance metrics and pac et characteristics  hese tas s are then mapped onto individual
nodes in the net or to represent the communication ehavior of concurrent applications  he
simulator derives pac et lengths and interarrival times from a variet of stochastic processes
similarl tas s select pac et destinations from various distri utions to represent different ap-
plication constructs  he simulation environment includes all of the pac et length interarrival
and target models discussed in ection o evaluate a collection of routing-s itching pairs

associates each tas  ith a particular routing algorithm and s itching scheme on
a set of virtual channels  he simulator currentl supports ormhole virtual cut-through and
pac et s itching as ell as h rid schemes each under a variet of routing algorithms

Ithough supports a variet of net or topologies and router policies the simula-
tion studies focuson - te pac etstraveling in an s uare mesh using minimal-path unicast
routing algorithms  ecause other studies have sho n ho tailoring net or policies to differ-
ent pac et si es can signi cantl improve application performance our experiments
do not speci call address this issue nstead the simulations examine net or performance as
routing s itching net or load pac et interarrival distri utions and destination node selection
var

he destination node patternsinclude uniform random tra ¢ as ell as the matrix-transpose

it-complement and it-reversal permutations n an mesh source node communi-
cates ith destination node for the matrix-transpose pattern and node for the
it-complement permutation or the it-reversal pattern source node has identi er
and transmits to node here the inar representation of is the reverse of Ithough

these permutations alone do not capture the communication characteristics of all parallel appli-
cations the allo the simulation experiments to evaluate routing and s itching schemes under
a variet of different or loads

n de ning ho pac ets o through thenet or the variouss itching schemes stress differ-
ent resources at intermediate nodes  igure sho saverage pac et latenc for ormhole virtual
cut-through and pac et s itching under t o different tra c patterns ac ets emplo static
dimension-ordered routing using one virtual channel on each ph sical lin s expected vir-
tual cut-through s itching consistentl outperforms pac et s itching since virtual cut-through
tra c often avoids uffering dela at intermediate nodes t lo loads ormhole s itching
performs extremel ell for oth communication patterns

o ever the relative performance of virtual cut-through and ormhole s itching varies
signi cantl et een igure a and nder the traditional uniform random tra c pat-
tern the t o s itching schemes exhi it compara le performance at lo loads as sho n in

igure a o ever net or contention limits ormhole throughput at higher loads similar
trends occurred for it-complement tra ¢ removing loc ed pac ets from the net or vir-
tual cut-through and pac et s itching consume net or and idth proportional to the offered
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load n contrast a loc ed ormhole pac et stalls in the net or until its outgoing channel

ecomes availa le this stalled pac et ma then loc other tra c destined for different output
t higher loads this effect ena les pac et s itching to outperform ormhole s itching
uffering dela at each hop in a pac et s route

lin s
even though pac et s itching introduces

espite channel contention ormhole s itching excels for the matrix-transpose permutation
assho nin igure similar trends occurred for it-reversal tra ¢  his effect occurs ecause
matrix-transpose tra ¢ coupled ith dimension-ordered routing limits harmful contention e-
t een pac ets heading to different parts of the net or  n as uare mesh the matrix-transpose
permutation re uires node to communicate ith node ith dimension-ordered rout-
ing each pac et starting on ro proceeds in the -direction to node efore traveling in
the -direction to reach the destination node s a result source nodes in ro in ect pac ets
that use the same ro and column lin s  Ithough a loc ed ormhole pac et ma still restrict
other tra c¢ from entering a node this tra ¢ must ultimatel traverse the same lin s as the
stalled pac et

uffering the loc ed pac et cannot alleviate this contention in fact virtual cut-through
s itching achieves a slightl lo er pea throughput than ormholes itching due to and idth
limitations at the memor interface  either ormhole nor virtual cut-through s itching
performs est in all situations upporting oth schemes ena les to tune its s itching
policies to application characteristics and performance re uirements

rid s itching schemes attempt to alance the performance trade-offs et een virtual
cut-through and ormhole s itching com ining the salient features of oth approaches
ormhole s itching can achieve lo end-to-end latenc  ut stalled pac ets can loc access
to net or channels and reduce net or throughput irtual cut-through s itching alleviates
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this contention uffering loc ed pac ets at the cost of consuming memor resources at
intermediate nodes h rid s itching scheme d namicall com ines ormhole and virtual

cut-through s itching alancing the use of net or and memor resources for storing loc ed
pac ets

igure sho s the performance of a h rid algorithm that prevents loc ed pac ets from
stalling more than t o virtual channels  he routing engines implement this algorithm
inspecting an additional pac et header eld used torecord the num er of channel reservations
the pac et holds  he algorithm changes from ormhole to virtual cut-through s itching if the
pac et has traveled t o or more hops ithout uffering  henever a routing engine esta lishes
a cut-through for a pac et it increments the header eld efore for arding the routing header
to the next node in the route the eld is reset to ero henever the pac et uffers at an
intermediate node

s sho n in igure a selectivel uffering loc ed pac ets improves the achieva le
throughput over ormhole s itching for it-complement tra c¢ these trends held for uniform
random tra c as ell irtual cut-through s itching achieves lo er latenc than oth h rid
and ormhole s itching at the expense of additional memor usage as sho nin igure

his graph plots the average pac et memor demands for in-transit tra ¢ under virtual cut-
through and h rid s itching ormhole s itching does not consume an pac et uffers at
intermediate nodes  t high loads virtual cut-through s itching uses more than three times
more memor tesources than the h rid scheme since the h rid algorithm allo s pac ets to
uffer at most once ever three hops

o further reduce memor re uirements can also implement h rid algorithms
that ases itching decisions on uffer utili ation n particular the routing engines could force
loc ed pac ets to stall henever the uffer memor is full similar to the uffered ormhole
scheme implemented in M s wulcan s itch he routing engines noti cation s de-
scri ed in ection allo the host to inform a out memor availa ilit  or additional
exi ilit the routing engines can ase their s itching decisions on oth memor channel
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utili ation reserving a portion of the uffer memor for loc ed pac ets that hold multiple
virtual channels

pplication or loadsimpact routing algorithm performance  determining the distri ution

of tra cin the net or ailoring the routing algorithm to speci ¢ communication patterns can

reduce pac et latenc and increase the achieva le net or throughput igure sho s average

pac et latenc for three different minimal-path routing algorithms using virtual cut-through

s itching ssho nin igure a the it-reversal permutation generates non-uniform tra c

that limits the performance of static routing algorithms some lin s remain completel idle
hile other lin s experience heav tra c load

he minimal-path adaptive algorithm tries to circumvent net or congestion  considering
an alternate output lin along a shortest path  his reduces pac et latenc and extends the
achieva le throughput alancing tra c load across the net or lin s  he router can further
improve performance  favoring outgoing lin s that provide more future routing options
he minimal diagonal algorithm in igure a favors the -direction henever a pac et has
fe er remaining hops in the -direction and vice versa this aggressive approach increases the
num er of t o-choice nodes in a pac et s route allo ing tra c to avoid more congested nodes
and lin s

Ithough diagonal routing reduces latenc for it-reversal tra ¢ igure suggests that
increased adaptivit does not al a s improve communication performance niform random
tra c generates a alanced net or load so static routing algorithms t picall perform fairl

ell  n fact dimension-ordered routing outperforms diagonal routing in igure n
dimension-ordered routing a pac et entering a node in one direction generall exits the node
traveling in the same direction this reduces the li elihood that pac ets from different incoming
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lin s contend for the same output port

n contrast adaptive algorithms often allo pac ets to alternate dimensions possi 1  loc -
ing other arriving tra ¢ daptivel changing dimensions ma also increase congestion in
the center of the mesh as evidenced the earl saturation of the diagonal routing plot in

igure omogeneous net or s such as rapped meshes or tori do not exhi it this effect

daptive routing algorithms can improve net or performance ma ing pro ta le rout-
ing decisions ased on local information o ever these local decisions can increase net or
congestion for some communication patterns as sho n in igure he graphs sho average
latenc for ormhole s itching under oth dimension-ordered and adaptive routing virtual
cut-through experiments sho ed the same wualitative trends  he adaptive routing algorithm is
a full -adaptive minimal routing scheme that re uires t o virtual channels per lin to prevent
net or deadloc s in these experiments oth routing algorithms emplo a pair of virtual
channels to ena le fair performance comparisons  he dimension-ordered routing algorithm uses
the extra virtual channel to reduce contention et een pac ets traveling on the same lin

n igure a static routing consistentl outperforms adaptive routing especiall at high

loads n an s uare mesh the it-complement permutation re uires source node to
communicate ith node s a result all pac ets must eventuall cross oth the
middle ro and the middle column of the mesh to reach their destinations irrespective of the
routing algorithm  imension-ordered routing tends to avoid the center of the net or here
the middle ro and column meet exhausting the -direction efore routing a pac et in the
-direction  n contrast adaptive algorithms ma tr to avoid the heavil -congested middle
column or ro routing pac ets to more lightl -loaded ro s or columns this ultimatel

pushes tra c closer to the congested center of the net or increasing end-to-end latenc



local decision at one node causes a pac et to travel a lightl -loaded lin into a more congested
region

n addition extra routing exi ilit allo s source nodes to in ect more pac ets further in-
creasing contention at the middle of the net or ence in some situations restricted routing
exi ilit can effectivel limit the overuse of net or resources o ever this effect varies
ith the net or load and the underl ing tra c pattern as sho nin igure his experi-
ment considers urst tra c in contrast to the traditional oissonian pac et arrival process in
igure a he source nodes generate urst tra c using a t o-stage normal distri ution of
pac et interarrivals ac et interarrivals stem from t o independent normal distri utions
ith different means sources randoml select of interarrivals from the distri ution ith
the small mean

n igure the applied tra cload -axis changes  var ing the large mean eeping
the small mean xed at ¢ cles his generates relativel small pac et interarrival times
ithin a wurst to capture the transmission of a multi-pac et message or a handful of related
messages igures a and exhi it similar trends at high loads ut wurst tra c limits the
effectiveness of static routing at lo net or loads since pac ets in a urst are ueued up hile
previous pac ets are eing sent  he adaptive algorithm helps dissipate ursts capitali ing
on multiple paths et een each source and destination thus reducing the ueueing dela at the
sending node ith such variations in performance across different communication or loads
can adapt to its operating environment selecting an appropriate routing-s itching

com ination

onclusion

hese experiments have sho n that for a range of communication or loads it is useful

to support multiple routing and s itching policies in the interconnection net or Ithough
these experiments have used s nthetic target and interarrival distri utions real communication
or loads should also exhi it similar performance effects ince it is hard to predict ho these

or loads interact ith router architectures e have implemented ith a su stantial
amount of exi ilit Ithough the costs of such exi ilit ma sometimes out eigh the perfor-
mance ene ts can e used to evaluate a ide spectrum of net or policies from

hich a su set of the most useful schemes could then e e cientl implemented in su se uent
router designs

or example an implementation of h rid s itching ma prove useful if a router design has
limited uffer space or cannot provide enough virtual channels to su cientl alleviate pac et
contention  imilarl a router design could incorporate a small li rar of routing algorithms
and header formats in lieu of microprogramma le routing engines to support a handful of the
most useful options in hard are urther stud of communication traces and real application
or loads should guide the selection of the most ene cial net or policies

e are currentl testing the design and preparing the chip for fa rication

he completed oards ill form the asis of a custom interconnection net or for
a collection of M - ased processing nodes  his platform ill ena le the enchmar ing of
routing and s itching schemes for a diverse set of multicomputer applications sing these

results e ill also examine soft are mechanisms for exercising router exi ilit to improve
application performance
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