Latency Criticality Aware On-Chip Communication

Zheng L, Jie Wu, Li Shang, Robert P. Dick, and Yihe Suh
* Tsinghua National Laboratory for Information Science and Technology, Inst. of Microelectronics,
Tsinghua University, Beijing 100084, Chifaheng-li, wujie0OF @mails.tsinghua.edu.cn sunyh@tsinghua.edu.cn
f Dept. of Electrical and Computer Engineering, University of Colorado, Boulder, CO 80309, U.S.A li.shang@colorado.edu
i Dept. of Electrical Engineering and Computer Science, University of Michigan, Ann Arbor, Ml 48109, U.S.A dickrp@eecs.umich.edu

Abstract—Packet-switched interconnect fabric is a promising
on-chip communication solution for many-core architectures. It
offers high throughput and excellent scalability for on-chip data
and protocol transactions. The main problem posed by this com-
munication fabric is the potentially-high and nondeterministic
network latency caused by router data buffering and resource
arbitration. This paper describes a new method to minimize on-
chip network latency, which is motivated by the observation that
only a small percentage of on-chip data and protocol traffic is
latency-critical. Existing work focusing on minimizing average
network latency is thus suboptimal. Such techniques expend
most of the design, area, and power overhead accelerating
latency-noncritical traffic for which there is no corresponding
application-level speedup.

We propose run-time techniques that identify latency-critical
traffic by leveraging network data-transaction and protocol
information. Latency-critical traffic is permitted to bypass router
pipeline stages and latency-noncritical traffic. These techniques
are evaluated via a router design that has been implemented using
TSMC 65nm technology. Detailed network latency simulation
and hardware characterization demonstrate that, for latency-
critical traffic, the proposed solution closely approximates the
ideal interconnect even under heavy load while preserving
throughput for both latency-critical and noncritical traffic.

1. INTRODUCTION AND MOTIVATION

In the past few years, packet-switched interconnect f

by concurrent trafbc Rows. Packets belonged to different
trafbc Bows may compete for these resources, thus introducing
additional and non-deterministic latency. Our study shows that,
in a tiled shared-memory CMP design in which the network
is used to relay L2 cache data trafbc, network latency can
account for 73.3% on-chip data access latency (see Section 2).
Researchers have recently proposed a number of high-
throughput low-latency interconnect fabric designs. Kumar et
al. proposed Express Virtual Channel, a Bow-control method,
to statically and dynamically bypass router pipeline stages [7].
Lu, Liu, and Jantsch proposed Layered Switching which com-
bines virtual cut-through and worm whole switching. Grouped
Rits are created as Bow control unit to optimize the utilization
of wiring and switching resources [8]. Mullins, West, and
Moore proposed a speculative single-cycle router that uses pre-
computed arbitration results to save router pipeline stages [9].
Kumar et al. proposed a network-on-chip router using advance
bundle signals to set up the network and prioritize arbitration
techniques to improve throughput [10]. Jerger, Lipasti, and
Peh proposed circuit switch coherence, a hybrid on-chip
network design with a prediction-based coherence protocol,
enabling signibcant latency reduction [11]. These techniques

oBre capable of reducing average network latency. Some recent

jyork began to consider coherence protocol information for
tectures. Several designs, such as TRIPS [1], TILE64 [ ,OC design. Eisley, P_eh, and Shang Propose‘?' in-network
Larrabee [3], the Cell processor [4], and Intel®s 80-c che coherence, moving part of the directory into routers,

Mpich minimizes network hop counts but increases router

prototype chip [5], have used packet-switched interconn . .
fabric for global on-chip communication. Leveraging routefdrea signipcantly and complicates the coherence protocol [12].

by-router data buffering and resource arbitration, packé?.’-OIOtin et al. proposed an NoC prioritization policy to speed
switched interconnect fabric is capable of Bexibly sharind’ Sht%r.t CaChE access re?uestj [13]'th lat ‘ h
communication resources among on-chip concurrent trafpdn this work, we aim 1o reduce the jatency of on-chip
Rows, providing high throughput and excellent scalability. networks without introducing area, througlhp.u.t, or power over-
A primary performance concern of packet-switched orb—ead' Most past work focuses on opt|m_|z_|ng the_average
chip interconnect fabric is its signiPcant and non-deterministi twork'trafbc Ia}ency and doe; not EXp“.C'tly consider and
latency, which has two sources, complex router pipeline a erentiate the timing characteristics of high-level data and

run-time contention among concurrent trafbc Rows. A modepr?mc_)COI transactions. In contrast, we argue that knowledge
on-chip network is composed of a number of router moduled hlgh-level network trafbc transactlons.shoulld be used to
which perform functions such as data buffering, resource sh timize n_et\_/vork performance. Our Worl_< is motivated by t_he
ing and arbitration. A canonical input-buffer virtual-chann ollowing timing characteristics of on-chip network traflc in
router [6] consists of bve pipeline stages, including buﬁépultl-core/many-core designs. ) .

write and routing (BW and RC), virtual channel allocation ) Heterogeneous latency requirementhe on-chip net-
(VA), switch allocation (SA), and switch traversal (ST). inwork relays cache and coherenc_e protoc_ol trafpc in a shqrd-
addition, a link traversal (LT) stage is required to relayn€mory CMP. Not every packet in on-chip network trafbc is
data between two neighboring routers. Furthermore, on-c ency-critical. Protocol requests, acknowledgment packets,

communication resources. i.e.. buffers and links. are sharégd critical word packets in read and write transactions are
B ' latency-critical ® the processor might be stalled for data or

This paper was supported in part by the National Natural Science Foundatrite ownership during data transfer. On the other hand,
tion of China (NSFC) under grant #60236020 and the Specialized Reseagghckets in write-back and eviction transactions, as well as the
Fund for the Doctoral Program of Higher Education (SRFDP) #200500030 . . . ..
in part by the NSF under awards CCF-0829950, CCF-0702761, cn&émainder of transferred cache lines, are less time critical. We

0347941, and CNS-0720691. also bnd that latency-critical trafbc only accounts for a small

ric has been adopted in multi-core and many-core arc
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including read, write, clean eviction, and dirty data write back.
Among these transactions, read and write transactions impact
_ writeback cache miss latency, and thus system-level performance. We
G therefore identify read and write miss request packets, critical
words, and write acknowledgment packets to lagency-
critical. On the other hand, network trafpc transactions, in-
I vvrite-ack cluding write invalidation (if relaxed consistency), eviction, the
T B write-request remainder of the cache lines (excluding the critical word), and
e write back packets are latency-noncritical trafbc. Fig. 1 shows
| G criticalword a categorization of the network trafbc of six SPLASH2 and

‘) eviction

=] write-invalidation

S-Sy non-critical-data

40

% of total flits

20

7 [ read-request ALPBench multithreaded benchmarks for theselinenetwork
ks conpbguration described in Section 4. On average, only 17.8%
ra%c/yo,e/gky Wa’é’ggffén"geit?’ags of the trafbc is latency-critical (with a range of 10.3%D20.3%).

) B 2.B. CHARACTERIZATION OF CRITICAL TRAFFIC
Fig. 1. Network trafbc composition.

. . Next, we investigate the characteristics of latency-critical

portion of the overall network trafpc (see Section 2). trafbc. Consider a latency-critical cache read. This transaction

2) Predictable network resource usageun-time data usage siarts with an L1 cache miss request, which is forwarded to the
typically shows strong temporal and spatial locality, i.e., @yresponding home directory node. If a clean copy of the data
processor core repeatedly accesses data from a particulaighzis on chip, the home directory node forwards the request
cache within a small time interval. As a consequence, on-Chip the corresponding L2 cache node, which then forwards the
network trafbc also exhibits locality, e.g., the same routingya to the requesting node. In the event of an L2 cache miss,
path is repeatedly used. The temporal and spatial locality @ request is forwarded to off-chip memory. A well-designed
network trafbc can be utilized to better pre-plan the netwog_chip cache architecture usually has a high L2 cache clean
resource usage for latency-critical trafpc. hit rate. The latency of an on-chip read transaction can thus

In this work, we leverage the information of high-level netbe decomposed into the following components.
work data and protocol transactions to identify latency-critical
network trafbc. Aggressive prediction techniques are th
proposed to speed up latency-critical trafbc with little har
ware overhead. The proposed techniques, including Iocalitg
aware resource planning, latency-critical virtual channels, al
prioritized switch arbitration, can reduce the latencies to values
comparable to those of ideal interconnect fabric (i.e., intrinsic Trequest = (d/v+ Toouter + Tcontention ) (1)
interconnect delay) even under heavy network trafbc workload. req.! air! L2
In contrast, existing work targeting all network trafbc yieldgvhere d is length of wires per hopy is the propagation
suboptimal results D the small portion of latency-critical trafbeglocity, Touer is the delay through a single zero-load
can be delayed by the remaining noncritical trafbc. In additiorQuter, andltoneention  Characterizes the average extra resource
speeding up the non-critical trafPc may require great effoeontention delay per router.
with little system-level impact. 2) Teache : L2 access latency, which is typically in the range

We have designed a 65nm on-chip router to evaluate theeeight to ten clock cycles using current technology [14].
techniques. Detailed hardware characterization and networkd) Zuata : Network latency to transfer the data, e.g., a cache
level simulation show that the proposed design achieves nbfie, back to the requesting node. A cache line consists of the
work latency within 6.3% (on average) of ideal interconnecgritical (causing the cache miss) and non-critical words. The
while preserving excellent network throughput for both latencgrival of the critical words satisPes time-critical requests.

critical and non-critical trafbc. Tyata = (d/v+ Touwer + Teontention ) 2)

1) Tequest : Network latency to transfer the request to the

rresponding L2 cache node via the home directory node.
equest packets are small, typically one Rit long (Rit is the
asic unit of Bow-control. In this paper it is also the basic

ysical unit, i.e. data transferred per cycle).

L2! req.

2. TRAFFIC CHARACTERIZATION Using the setup described in Section 4, network latency,
This section characterizes on-chip network trafbc. We qujequest + Tyata , accounts for 73.3% of on-chip data access

analyze the timing properties of on-chip data and protocgitency. Minimizing the latency of critical trafbc therefore

transactions in order to identify latency-critical transactiongptimizes system-level performance.

We then evaluate the temporal and spatial locality of latency-

critical trafc. This study demonstrates a performance gap Ree. TowARDS IDEAL NETWORK LATENCY

tween the state-of-the-art solutions and ideal interconnect, and » )

motivates the optimization techniques proposed in Section 3.For @ latency-critical it, the latency of each router hop can

be decomposed as follows.
2.A. LATENCY-CRITICAL TRAFFIC ANALYSIS Thop = /v + gqossbar%+ Tew + Tya+ %@i A+ Teontention %

In a shared-memory multi-core/many-core on-chip system, Teal Tya
the network is used for cache data and protocol transactions, 3)
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whereTgw is the time the Bit spends in buffefB, o andTs,  __ BufferWrite 1 _ _ Switeh Traversal _ 7 ..
are the times the Rit spends in arbitrating buffer and switchin passing
resourcesTyosshar 1S the time to actually traverse the router. | casicalplnebypassing
Tigear = d/v+ Teosshar iNdicates the intrinsic network delay, i
i.e., the ideal network latenc{yap = Taw + Tva + Tsa +
Teontention  iNdicates the extra router pipeline and resource .

contention latency in state-of-the-art network design, i.e., th
performance gap compared to the ideal network latency.

To optimize the latency-critical trafbc, it is critical tocorresponding network resources, reusing them many times
minimize Tyap. To this end, we make the following obserwithout repeatedly requesting access via run-time arbitration.
vations, which drive the latency criticality aware router desighore specibcally, at each router hdBs 4, Ty 4, and Ty
described in the next section. can be bypassed. Run-time resource contenfi@ention »

1) As shown in Fig. 1, latency-critical Rits only accounglue to noncritical trafbc can also be avoided.
for a small portion of the overall network trafbc. As a result, Supporting locality-aware resource planning requires minor
Teontention 1S mainly due to run-time resource contention wittmodibcation of the control logic of crossbar and buffers.
non-critical trafbc. Therefore, to optimize the performancehe following sections describe the proposed technique and
of latency-critical trafbc, it is crucial to minimize run-timeimplementation in detail.
resource contention with non-critical trafbc. Existing work3.A.1) Crossbar-Supported Locality Bypassing: Fig. 3
which seeks to minimize average network latency, fails &hows the locality-aware bypassing logic design, which is
consider the performance impact of non-critical trafPc osssentially a crossbar design that selects incoming Rits from
critical trafpc, leaving substantial room for improvement. two sets of inputs: input virtual channels or directly from

2) Run-time trafpc also exhibits strong temporal and spatiauter input ports (avoiding BW, VA, and SA). This enables
locality, mainly resulting from data access locality in prografatency-critical Rits to move directly from router input to
behavior. We measure the percentage of Rits with the saméput without data buffering. The datapath portion of the
inputboutput port pairs as the previous Rit. Fig. 2 shows thabposed crossbar design is similar to the recently-proposed
82.1% critical Rits have this property. Deterministic routingipeline bypassing router design [7], [10]. These previous de-
further strengthens the trafpc locality. Locality can thus keigns allow an incoming Rit to enter the ST stage speculatively
used to preplan the network resource for latency-critical trafifamo other Rit resides in the input port. However, this situation

Fig. 2. Locality analysis for critical trafpc.

assign VC to
bypassing flit

to 2:1 MUX
select signal

el':ig. 3. Router microarchitecture and locality-aware resource planning

to minimize Tyap . will be rare under heavy workload, which is also generally the
situation in which network latency is of greatest importance. In
3. LATENCY CRITICALITY AWARE ROUTER DESIGN contrast, the proposed approach exploits trafPc locality, which

This section presents the proposed latency criticality awase common under heavy workload, enabling it to speed up
router design. As shown in Section 4, the proposed desigttency-critical trafpc.
is capable of bringing the performance of latency-critical The proposed locality-aware crossbar design is equipped
trafbc near that of ideal interconnect, while maintaining highith a locality register at each crossbar output port, which
throughput for both critical and non-critical trafPc. In thigecords the input channel information of the latest bypassed
section, we Prst describe a locality-aware resource planniagency-critical Rit. The locality register is updated once a
technique that leverages the temporal and spatial locality méw critical Rit travels through the output port. Its content
network trafbc and performs resource planning and reservatafows prediction of the outcome of switch allocation for the
for latency-critical trafbbc. We then describe resource prioriteorresponding output port. A locality hit occurs when two
zation polices appropriate in the absence of trafbc localigonsecutive incoming latency-critical Rits arriving at the same
This section also discusses the timing characteristics of timput ports target the same output port. The second latency-
proposed 65nm router design. Detailed hardware characteritical Bit can then be directly forwarded from the router

zation is presented in Section 4. input to the crossbar output. In other words, the preceding
latency-critical RBit reserves the router switching resource for
3.A. LOCALITY-AWARE RESOURCE PLANNING succeeding Rits. When a locality hit occurs, the latency-critical

Network trafbc during program execution often exhibitBit traverses through the router with only one pipeline stage
temporal and spatial locality. When a processor core repeate8ly, bypassing the BW, SA, and VA stages and avoiding
accesses a particular cache block, the underlying network dptessible resource contention. Any other Rits requesting the
transactions also have strong locality. This locality can be ussaime output port during the same clock cycle arbitrate for the
to allow consecutive network data transactions to reserve ttr@ssbar resource in the next clock cycle.



3.A.2) Inter-Router Virtual Channel Management: When and asserts its request witteq;(i). The request sent to a
a locality miss occurs, the latency-critical Rit needs to resonventional arbiter would beeg, (7).

qguest a virtual channel for temporary data buffering. Lack 1n
of available virtual channels can potentially block following Pridany = (prio(i) &req;(7)) 4)
latency-critical packets. To rapidly detect such hazards, each i=1
switch output port is equipped with lacality bypassing VC reqo(i) = ( prioany + prio(i)) &req;(i) foralli (5)

register that maintains the available virtual channel in thehe resultreq, (i) is sent to a matrix arbiter [6] that provides
corresponding input buffer of the successor router, theregystrong fairmess guarantee.

avoiding virtual channel allocation.
Traditional, load balancing based virtual channel allocatioylD. HARDWARE CRITICAL PATH ANALYSIS

IS based on the _buffer usage among \(lrtual channels, €., '.[h?Ne next analyze the critical path of the router hardware
virtual channel with the maximum credit count is chosen. Thijs

. . S s implementation. Detailed hardware characterization will be
design requires comparator tree logic with signibcant ar

and timing overhead. Latency-critical packets are t icalﬁ?esentEd in Section 4. The following analysis assurfles
9 ‘ cy-c P ypICe hysical ports per router and virtual channels per port.
short. Therefore, load balancing is not necessary. The logic

generate thdocality bypassing VGralue is simpliPed: select .9\/ stage:a Bit from the Input port Is stored to a sp_ecnbc
the Prst virtual channel with non-zero credit. In addition, yirtual channel buffer, which is implemented using circular

VC avail signal based on the availability of virtual channelgu_ﬁ?ra;uilt?&gaelr zitg bcﬂﬁt;:swﬁlt?neglme stage consists of a

of the successor router serves as the enable signal for cros Tstage: The header Rit of each packet performs virtual
bypassing. Note that a non-critical packet may also be allg- ge- \ P P
channel allocation to request buffer resources from next-

cated to the same virtual channel as ltelity bypassing VC hop router. The latency-critical virtual channel can only be

Since latency-critical Rits have higher priority, such doublg - ;
assighment will not cause resource conRict. allocated to the critical packets. Other virtual channels are

available for all trafbc. As shown in the previous section,
3.B. LATENCY-CRITICAL VIRTUAL CHANNEL the virtual channel allocator is implemented as a canonical

A . in th . fi lat _critical parable allocator. Thus, the only impact on the critical path
s described in the previous section, a latency-critica rﬁ?the addition of twoP! V' - 1 arbiters.

will be assigned to a virtual channel upon a locality mis > - N X .
Under heavy workload, virtual channels may be occupied stageSwitch a”‘.’ca!t!"“ Is also |mp|.e.mented with a separa-
' e allocator that prioritizes latency-critical trafbc. The critical

non-critical trafpc, which would delay latency-critical trafbc. X . - C .
y y th of this stage is the combination of prioritized arbiters.

To avoid this, the proposed router design is equipped wi stageStarting from a baseline crossbar design with support

a speciallatency-critical virtual channelfor each physical iveline b . aocalit ister is added t h
port reserved for latency-critical trafpc. During virtual channé?r PIpeliné bypassing, docality registeris added to eac
tput port to record the input port information of incoming

allocation, latency-critical packets are allowed to arbitrate f e : : ; X
all the available virtual channels of the successor router, wh @fpc_ A latency-critical Bit for which locality-based predic-

non-critical packets are only allowed to arbitrate regular virtu pn succeeds will traver_se d“ec“)’ from the router input port to
channels. In on-chip network design, router buffers are mai f:rossbar output. This bypa_ssmg IS e’.‘ab'ed by_a new stage
used for throughput enhancement. Since latency-critical tra 21 multlplexgr_s. 'I_'he SEIEC“OD S|g_nal IS d(_etermlned\A_ﬁy

only takes a small portion of the network trafpc, and latenc -Va.'l and the criticality tag of this B!t.~AocaI|Fy bypassing
critical packets are typically short, a small virtual channel i _C_'S also generated to u_pdate the BitOs des"’.‘ed VC Peld. The
generally sufbcient to cover the round trip latency of a latenc [|t|ca.l path of th|s stage includes buffer read t!me, two stages
critical packet. Therefore, only a small portion of router buffe FV:a ar_1dP -1 rr_lultlplexers, and a Pnal 2:1 multiplexer
resources need to be allocated to the latency-critical traf & bypassing selection.

resulting in only a small performance impact on non-criticq‘. EXPERIMENTAL RESULTS

trafbc.
This section evaluates the proposed design using detailed

3.C. PRIORITIZED SWITCH ALLOCATION router hardware characterization and network-level simulation.
To minimize Teontenton due to switch allocation when

locality misses occur, a prioritized switch allocation schenfbA- NETWORK-LEVEL RESULTS

is used. Higher switching resource access priorities are givenVe implemented a cycle-accurate cachebnetwork simulator.
to latency-critical Rits. A separable allocator [6] is usedlhe simulator supportg-ary mesh topologies consisting of
Switch allocation is partitioned into two tasks: local arbitratiopipelined virtual-channel input-buffer routers, two levels of on-
across the input ports, and global arbitration across the outphip cache hierarchy, and cache directories. The experimental
ports. A Bit request is submitted to separate input and outmgtup uses a hierarchical memory architecture that imitates
port arbiters. To reduc&gontention » Critical Bits have priority the server consolidation scenario for many-core CMPs [15].
over non-critical Rits during each arbitration. Using separakour 16-processor virtual machines are consolidated into one
arbiters allows efbcient implementation. The prioritized arbité&4-processor CMP. The L2 cache is distributed and shared
is implemented as a combination of priority-handling logiavithin the same virtual machine. Since we are considering
and a conventional matrix arbiter, as follows. Assumimg NoCs for shared memory CMPs, network trafbc traces for
requesters for one resource, each requester has ppofitfi), each virtual machine are gathered using the M5 full-system
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Fig. 4. Low-latency experiments (critical network latency).

TABLEI: C . "
ONFIGURATION Fig. 4 shows the average latency of latency-critical trafbpc

Topology 8-ary 2-mesh - .
Number of router ports 5 (5 VCs per port) for each of the router conbgurations. Compared to the base_l_lne
Buffers per phy. channe 25 (5 per VC) state-of-the-art design, the proposed design reduqe; the critical
Flit size/channel width 8 Bytes trafbc latency by 36.2% on average (31.1% minimum and

L1 cache per tile 64KB, 2-way 64-byte line 42.9% maximum). Moreover, the proposed design is capable
L2 cache per tile | 256KB, 16-way 128-byte line of achieving critical trafpc latency within 6.3% of the ideal
L2/memory access time| 10/100 cycles e . .
Coherence protocol MES] network. Among the individual proposed techniques, locality
Processors Alpha 21264 bypassing is most effective. The locality bypassing success rate

is 85.0% on average. Locality bypassing alone reduces critical
simulator [16] running six 16-thread SPLASH2 [17] andrafbc latency by 25.5% of the baseline case. Given heavy

ALPBench [18] multithreaded benchmarks, including mpgengia;bc, i.e., the injection rate with double the zero-load latency,

radix, Iu, cholesky, ocean, and waternsq. The system conp e proppsgd design can still maintairj the latency of critical
ration is summarized in Table | afbc within 11.9% of that for the ideal network. Under

. eavy trafbc, buffer resources are the resource bottleneck. In

We evaluat.e the_network design under two_workload MOfiese conditions, latency-critical virtual channel management

els: random in Wh'Ch nod_es of the same v_|rtual machlnqs the most effective single technique. Fig. 5 evaluates the

are rgndomly assigned W|thoqt spatial Io_cahty a'"““."al network throughput using different router conbgurations. The
in which nodes of the same virtual machine are assigned

. . X i ed {@vork throughput is debned as the packet injection rate at
neighboring processor cores with moderate spatial Iocahty.Which the network average latency is double the zero-load

Six router conbgurations are implemented to evaluate thgency. This study shows that the proposed design does not
proposed latency-criticality aware router design. The baseliggcrease network throughput. In addition, since critical packet
router model, which represents the state-of-the-art desigitency is signibcantly reduced, the overall network throughput
is a four-stage input virtual channel router with look-ahea@creases by 4.5% compared to the baseline state-of-the-art
routing, speculative switch allocation, and pipeline bypassingesign (maximum 5.6% and minimum 3.1%). In summary,
The three techniques discussed in previous section, namgl¥se studies demonstrate that the proposed design approaches
locality-aware resource planning (LARP), latency-critical virthe latency of ideal interconnect for latency-critical trafbc
tual channel (LCVC), and prioritized switch allocation (PSA)while preserving high throughput for both latency-critical and
are each individually added to the baseline design to show thgincritical trafbc.
effects on latency and throughput. In addition to these designs
and the proposed router model, we also estimate the iddaB. CIRCUIT-LEVEL RESULTS
network latency by removing all non-critical packets from the The proposed latency criticality aware router is evaluated
network, thereby preventing interference with critical packetgsing a TSMC 65nm low-power technology under typical

During our evaluation, we randomly pick four of the sixcondition (1.2 V and 25;C) with nine metal layers. Timing and
available benchmarks and consolidate them into one netwgwer results are estimated using Synopsys Design Compiler
trafbc pattern. We further temporally dilate and contract the topographical mode, which uses a default Boorplan to
trafbc to evaluate the performance of the proposed desigstimate wire delay. Chip Boorplan and layout are generated
under different network trafbc workload. using Synopsys IC Compiler. We compare our design with the



packets per ns

® baseline 5 base-PSA & baseLARP & base-LCVC M proposed & while preserving the throughput of non-critical trafbc. In order
to achieve this goal, we have proposed and evaluated three

. techniques: locality-aware resource planning, latency-critical

| ] virtual channel, and prioritized switch allocation. Combined,

| these techniques allow critical trafbc latencies approaching

those of an ideal interconnect fabric (6.3% difference). We
' have completed a detailed hardware design of the proposed
. . | router and found that area, power consumption, and clock
B T ——— P T S frequency differ little from those of a state-of-the art router
Wa’ﬂfﬂsﬁ”"’esky it sl e Crmpenc. i Wy pgen. W"'e'nsf"“-‘;,n W"’E'ﬂsq“’%"n; design. In summary, we have developed and evaluated a low-
overhead router design that signibcantly improves the latency
Fig. 5. Throughput of each conbguration. of critical network trafbc.

previously-described baseline state-of-the-art router. REFERENCES
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