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Exascale Challenges
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Cost of data movement relative to cost of a flop*
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* ). Shalf et.al., Exascale Computing Technology Challenges, LNCS 2011
** G. Kestor et.al., Quantifying the energy cost of data movement in scientific applications, ISWC 2013



Interconnect Challenges
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Interconnect energy (per mm) reduces slower than compute
On-die data movement energy will start to dominate

*Shekhar Borkar, Exascale Computing- Fact or Fiction? IPDPS 2013
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Global Interconnect
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Transmission Lines
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Repeated RC wire

SerDes based TL interconnect

On-chip Transmission Lines

Transmission Lines require thick
top level metals

They require carefully designed
signal and return paths

Signal integrity depends on
interconnect aspect ratio among
many other factors

Bandwidth per unit area suffers as
a result

Analog signaling techniques such
as differential signaling, current
mode signaling are applied
Higher frequencies can be used
SerDes means more timing and
energy considerations




Transmission Lines — Design and Simulation
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Line {opd) ips) (pdfhith | (pem) Height | Width
~ P P f i . INO
- - - — L 1_" 2 I]:'h 2t IN2
TLI (energy) | 3383 | 054 | 2.8 088 3300 INY
| TL2 {latency) | 2929 [ Oe0 [ 7.6 | 08 | 3370 | .
7mm TL

Transmission Line Interconnect Design Environment

JeCK
2b Deserializer

(b)

*H.G. Rhew et.al., A 22Gb/s, 10 mm on-chip serial link over lossy Transmission Line, ESSCIRC 2012



Communication Protocols
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Communication Protocols - SAS
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Metrics
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Models — Cycle Time

~ Name equation description
Tos < {Tpm + Tegs +Tes +Tau) = (Trsmy +Tee + Tan-) | Handshake to data margin
Teget < | (1+ jF Jmax (0, TF,} — (1= %}nm{[} Tos) Robust delay element size
Crrs > | max{2T e (T + T+ Taki +1ogs ) Clk_flop throughput
Ci, = | max(2Tpw. Ter + 2Tag) Clk_latch throughput
Cis < | 4wy + 214 + 2004 T 2-rail and 1-of-4 DI
Cornr | = | Tpoms + Teq +Toget + OrdTe 2-phase bundled data cycle time
Cottr | S | Tppns + 2T+ Tt + 200 T4 4-phase bundled data cycle time
Cois < | max(2Tpw, (Teg+ +Tesr + ) (Tes +Trsmy)) sre-sync cycle time
Csas+ < Trﬁ -+ SAS

Cycle Time expressions




Models — Latency

Name equation description

Lery = | max(2Tpw. (Tos +Tou +Taj+Teg+)) Clk_flop latency

L, > | max(2T ., Ty +2T54) Clk_latch latency

L < | Ty + Ty 2-rail and 1-of-4 DI latency
Ly S | g+ T+ Toaal 2-phase bundled data latency
Lpgas < | Tars +Tos + T gef 4-phase bundled data latency
L.i.‘.' t E ll’li'lI{ETFH-. [?:‘f,'-r- g Tt‘+ + -T:*.'u}* -T:'-t- T T_f.ml-- } STC-S¥NC lﬂiﬂ“i:}’

L sas+ < ?}u.rﬁj'u+ + Tt SAS |Hli’.‘lll’..'}"

Latency expressions




Models — Energy

Name equation description
E T TIPRL Flop clock gate ene
gf Ap ""I" o o gate energy
Eyl AL —‘-%‘i + —‘1““'- Latch clock gate energy
Efe ,4_1_ Fue ’t—'-ff.hrer + _E (2{Eyp + Ectir) + Aw(Ega 5+ Ett + Eserdes ) ) Clk_flop energy
Eh' 1_ Pr.r'-. Eﬂ'.ﬂ:.rrer + _E {"I'”E' j+ E'r'.fﬂ'} +Aw {'—E;I:.n'l' + E They Esfnfﬂ: ” Clk_latch ene rgy
Es. 4 Eqi +Ey) 4-phase bundled data enerey
W, , N
T Th {zEt'f.kf +A I-r{ﬁd'uﬁ + Ef + Eserdes :] :I
E», UE 1+ Ey) 2-phase bundled data energy
W,
T _J,E EEEH:JE_I' +Aw (Edfﬁ T Eﬂ E E.wrdr.-i ”
Es I:Em' +Ey) SICsyne energy
_L'?,t |: 1Er.'ﬂ_,|" +Aw(Egat +Ey + Esendes))
Ean —"1 (4Eq1 + 1.&,;] + 2B+ 2E rdes DI 1-0f-2 energy

{Edfm.'r +Eu+ T [En'.l'.'ru.: + AwlEit + Eserdes) ”

SAS energy

Energy per transaction expressions




Comparisons — Cycle Time
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Comparisons - Latency

Latency Comparison RCvs TL
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Comparisons - Energy

Energy Comparison RCvs TL
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Key Observations

Percentage difference in Cycle Time
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Effect of link length (7mm vs 3mm)

Clocked protocols have better timing
characteristics

Clock distribution energy is a killer

Single “cycle” communication due to
discontinuity-free requirement of TLs

SAS provides clocked-like timing without the
energy overhead of clock distribution
Longer distances more “manageable” using
Transmission Lines

SAS outperforms other protocols in almost all
metrics

No wavepipelining

SAS robust to variation due to decoupled
throughput and wire latency




