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IN-NETWORK ALLREDUCE

2x traffic reduction compared to host-based allreduce

2x bandwidth improvement
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MISSING FEATURES
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Custom
operators and
datatypes

Support for
sparse data
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FLARE
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Programmable switch  Set of algorithms
architecture
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Programmable switch architecture
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ADVANTAGES
P.r ocessing Coverage of We can fit
functions specified
more use cases 512 cores + memory

as C kernels
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KEY FEATURES

Where to store
the data

How to access
the data

How to manage
sparse data
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KEY FEATURES

Where to store
the data
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DATA TRANSMISSION

Host O Packet 0,0 Packet 0,1 Packet 0,2 Packet 0,3 Packet 0,4
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DATA AGGREGATION
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KEY FEATURES

How to access
the data
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SHARED BUFFER CONTENTION
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SHARED BUFFER CONTENTION
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HOW TO REDUCE CONTENTION

Staggered sending
Single buffer Multiple buffers

Minimal . Higher Highest
l‘ memory ’ memory ’l memory
occupancy occupancy occupancy
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contention contention

l‘ Reproducible

21



5

y' N ch spcl.inf.ethz.ch

, @spcl_eth

ETH:z(rich

PERFORMANCE AND MEMORY MODELLING

\
A
A
A
A
A
A
A
\
. \
i 202151 wo \
2 the juy, )
A e byt (Pt \
O bujfe 0 ang, Plicess 5 3
. % Do g o TS Beeded fr, 7 Figu gy o 2 Mock \
e n Tl ' iy (PSS by itk
o cvery ¢ 0 e oy <7 5t "
£ o
B i1, 6 swite 0ty 25 PACKETg T 1
ang 3K . N packets e B SCHE, 1
Betwory 508 T and g Processeq s RS ULING AN}
organg, ~ elejus By oceyp, D iNp,
€ tHE Compyyggye 310w i gt 2 (e specin et pagy, ANCY uT \
plation go p, - 1 Section g y P switey g g, o5 are
" Mtz fo pry Ve FCES) o d o, \
- oo 1, ) P20 e cores iy -l \
ystem g, Xpositing, T EVERly disgr Y COmE Pty | rarchi cach host
ther, that 4 ibateg; 5o A1 4 e nhaving! 3 \
oﬁ:::,“ m:::‘,',’."" Tiaees -F  imteraerival U anf sending \h—numt‘t:: o \
tian -plock ¥ eres 5o that, o0 sub
e of ﬁ time o tupuct o IR0  tiomealed BBy oner 30 (0 aspectf L \
e G, Packets gy nw:ﬂfp kets) 1 h;:: packet - o core B g b "‘,,.n\ X can o \,,,qw; o 6.1, 945 v‘
ailable o 1 ), and that AL gogto ow i S
> in ted s €% e the 367 belon o T o ot
watiy energ] onds (1 0 aple). Becad” sed the cores. while Moreaver conte e with 1
Uy Bk O 0 b e ket Y S e s Ly b ol S e e e oot \
sv-nd.,.:h"‘; o Congeggens rervice tme €6 ST 5, pockets U e o S L 00 e sending 8 Sl the B ol blodk 1 e B \
i o 11 i Bt oy ime of the ¥ ety 30 ok B = 00 g (L ppqaion o pends 00 1€ I ave only o general ¥© i
i Temary, me & an proces yots withitt e oo od send ot we ¥ " blodks \
e or switeh € ofthe et s Aits %7 stoges” enatio having
" iteh iy Eation g O (B Sotersriab 89 0 e we b L econds, 89 e aample 0 7L e when N \
ofa e ':xp i Figuge - Onthe g P \...\p»“:' peved- same block. - _,‘.um\»““‘ ring b uu:h‘ \
“Lister apyg e, e . Because TS e pever OO g 0 the ST e, 55b s caseconsdeiE T, \
3 if ore s, pod s Aining O ave conse W e o
01 ey g 02 B gV s ry e s 4 56005 P e 5. (each om0 Iy cupancy B 0L Law (910 T comsider \
e ) f e AR ruyy locateq or - D e enarh ‘u i ,mml‘ steady flow © o0 ,"W‘m-"j" we ant U L oot Y een the \
Tiory. 2 on ¢ ssigned 1© e ¥ hereas 08 3¢ h ' ot the €075 S0 cinthe SR erences jame of
-::’g"”gf"mrzx :w:wg 5, g 2 ares weimesd S o :‘:‘_‘ cenaio 0% s e AP m::,, e lﬂm:\nu‘.\\!‘ -t \
St g g 963111 g ;:::“"'s‘ b ‘m“.,mw““;: pocket "::..:\‘Mn“"‘"’“‘:h;“‘“ an aversk ‘,: ‘nstead. W€ ‘::‘(: core, that "t_,‘:‘\:hmu. "
Subset of, of, 08 receives 0% P 5 on avera®® 4 ¥ ooy aree SERAIOT T 10 8 8pec Lo an ety
oremg g O PAckets b e ‘:"’:“,\.‘..A"“o i core 16 0 quees 8 B “’; packets 198 VLU S cones i e \
Tt g O Al th gy o Clis core TS both @984 9 210 the b e Yetsarrve 1 250 i the sUDSEE oty st = |
e Packety g0 We g pec® COve, e L eonds 00 K o the BB Cets bed oo to each OF W S0 puckets B and ot ¥ \
o gt e 00E Ut e . 0 spargy o g Soming 1 g il ey e On e TR TR e ey S gty o0 e we 08 TR gher 1 L for st ety \
Hnalya m’Smam:.—?w:”"o an;u;“ “qum}:"::"' i the fopy """’“'ﬂnmf;o;f”‘"‘&" “:m.\w"‘““ e that will €€ ““,: ause WE S et e coren e ...l'l*“"\“.: 5§ cydes \
St 5 O latg, RO gy st what EEEC e bt G e 5 o ko peeawse PRy
43 as. - We moug, Zenerage, EVERly diatei ereny s buildiog of ot ach and min(SSe wk T oackets 0 eXPres® \
orking, W g ST st e St s b g o B L e o up1o & P Tt phets e S xpee \
e men Memoy 0 e OF packets gy o before ocess PR O St op an y that Aceordingy- ¥ S
tionag iy Pack o irecte ot e tirme & P — e by e QY t T \
" i t e 5Y crcased the eve Jen! secetve aved from 1 L B =  being.
gt 3 g e P 3 g O g oW gy s e 0cOPY, oo s BT e e and e Q= 257 5 ruting o \
ocated to s, . we am, " ipact o e i geg s the IOPSR P ety of ¢ subsets 3 g ets i e SV |
S ok iy 0 i o e b e (0,0, g 1 W it g e 08 e, e 5 U s o e e 10 e B o8 " \
ncur, . i e o g o of Fignre . o it ocessed &\.x
Onten S D o A b, o ! 35T T T e e s 80021 o @4 el P b Ly e . A \
" Howe, or exa) &= apart O ” . % =\ 7
OTBRizing o M Soction gy, o0 ™ U5, fur o8 Mligle e samg ot @0t sty siveg, For XMl o with & = & 1 ceconds 30501 uhough PEECL 2= @*VK*S hedling \
Eact gy o ¥orking d;«-.rbemm“hmle_ 0 ey tageth SOIOr belogy ”:‘“'“-cn e oo, 00w witartve (0, o e both cases) S luv"‘““'""‘ e . the \
e e e To gy s e Same g o with e per 30004 L cores e relations e ssmaller -5 \
27 T of < 5 reg x| ok g companng e (0 came it o slowet shows ¢ cupancy (€81 4 1o comp
s m"‘n%&m gy B Mo P00, 1 i PR O e e e o Y T s S o) e el \
been the g 5 that, it core g i s, in, S0t g, cheduler 3987 L block WIEL erve o deciston &7 ex 06 s, e WO
e Ly 1 50 g eyl O st e In gt 0 Pocess . 1 eren prge 22 SPER g0 the S0 o ks ol B e can Sy a0 ST b b he g P ok and be oM e
0 g 5219 et 5 e e I Tt gt S g R g e are 96V T i the ST angped W e atency 1R indecd ¥ block
P block (g o 42 E56h alo gy P2 Beregapen, PSS e S e pacy oy e ight e o e A this 5P T e WIOCK K oceupa g e
e gy,  equag 1,50 b Steady g € Splest e WEver, Core 0. helong®8 10 L)
(i gy e T 19 the gy, Ve P paegery "‘!s«f““’“’-ﬂf usq;-!e ek, tnzn O (PIXET ), and 1<
T €T of viteh - et t of cof
e Sl e =
e e ey
e :
Purar, Cating i s
e,

soce (60,6112 63 “woise 167651 ndnetwork E uch packets ©
74), but also e control : sors. S0ch S0P cessing e 14 ‘
eeded for PO
I olus the Um¢
(P-VIP
‘ e qUEVE T the worst €% Tacket spends
o 08 e (42-001.0°
work 004
\ o 1 this work. < P opose
et by the bosts &
e poc
on

22



ETH:z(rich

-, spcl.inf.ethz.ch
’QA p EL W @sopcl_eth

KEY FEATURES

How to manage
sparse data
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SPARSE DATA STORAGE - ARRAY
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SPARSE DATA STORAGE - HASH TABLE
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DATA FILL-IN
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TWO-LEVEL APPROACH
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RESULTS - SINGLE SWITCH
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RESULTS - 64 NODES, 2-LEVELS FAT TREE
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CONCLUSIONS

ETH:ziirich

STATE OF THE ART LIMITATIONS

LN N n'

No
reproducibility
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No custom
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No support for

sparse data
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CONTENTION - STAGGERED SENDING
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