A Scalable Circular Pipeline Design for Multi-Way Stream Joins in Hardware
Mohammadreza Najafi', Mohammad Sadoghi2, Hans-Arno Jacobsen?

Technische ! Technical University of Munich st
Univeraitat 2 Exploratory Systems Lab - > I 'C DAv Is
2 University of California, Davis

MUnchen

Linear Pipeline Multi-Way Stream Join Design Operators Reordering Issue in Hardware

Itis to build multi-way nt-buf 1 Int-buf 2 Int-buf N-1
jOin Operators by Cascading | ISi%e: l\ll} *Slizle:lNIZ * ---------- Size: 1 W!#%'()*t!$%'()*,+,!#%'()*-."/ W!"%O'l*'Z',B,! #%00'1*'2"
operators designed for two @ LI A vy v vy | : g N N
streams 5— Proce:ssing Proce.ssing ProcfESSing Sto.rage & g / \ / \
5 Unit 1 Unit2 || | e Unit N-1 Expiry Unit E 1.90'1*'2",3,! :9%0'1*'2" 1,98' )%+, $9&'0)*,+,! 298" ()*-."/
c —
join operators order N N ><] ><] - ls N L, N

duetothe N-to-N " b b S I | 7\ 7N\

' connection in the “Window Window Access Manager

Access Manager” crossbar { o — 1 1
Window 1 Window2 | = - Window N-1 Window N

ot ———

Circular-MJ Architecture

<~ Distribution Chain < J <
A dedicated stage for each /"0'1$2" T T I
stream sliding window =T ; - N al Bl =
limits data dependency s ><a lie|3li| | 2] |@ | 2 @ | 2
between stages = Win | % Ol a0 5 3)1, S 5 ), =
— Of?o 1 el — > T O-" Of— ™3 O-" O ‘
A scalable architecture that S Soreri(Blisll |5 @ 4 = @ S o
Circular data-path is centered around direct . | Expire Ji[°)™ = i ® N ®
' input channels neighbor-to-neighbor o — ‘ """""""""""""""""" ‘ """""""""""""""""""""" ¢ """"""""""" !
Fixed join operators order communication & T T e O ) L G :
> 1 , (+- - ;
Eliminate the join operator & T — T T
reordering problem by i § . § . §
moving the reordering task E=3 31, ir3 E=3i D+, 1=l £ 3)+,’ =y
to tuple insertion circuitry @ )" Sl Hia O-" 1Sl Hia O-" IS
using a pipelined %, 7 iy %,;5 767 g %;; 764 g
_ - distribution chain & J< & 2 & j<§ |
Intermediate Result GenerationinaStage | |\ b4 ] I | N | . | 0 L] i ©.
! Pipeline Stage ! "~ 1 < 1 "~
Tsq ....................... 5 ................ Ts1
l v {| Process |:: m
— ' ' Y= —
O Sli| | ©
Bl |l s N s||oli| | &
Tso| |ao| || 2] HiE ‘o | |Ts2
s =2l HE I SHE P
----------- nq:) ™ B |i|Window i1 S [T 00‘) |
an | H el “ :
! _ % s 38 TEJ Tes Throughput with Nested-Loop Approach
OS]
Q. i : (@)
sIIzzzzzzz «— Store i a : o—_ |
S Bl T I PARIS 2018
(LR °0 | (@mp:0.0001% |

30 Stash Effect on Throughput

Throughput { 10° tuples/s )

| | . - | 20 T | | | | |
Throughput with Hash-Based Approach ~ D 15 | B Without Stash T
_ SN [l With Stash 3
%%;L 2 10 AP A 5 N 10 |
S 1 SR :
e;; 5 | | I RN R | | |
=9 0 I I I I I I . 2,000 4,000 0,000 3,000 | . T = =
z N (W:2A14) T 0
2 3 4 5 6 7 8 9 10 p—) | Time (ms) I
Stream Coun / : ‘ |
(W:2A14, mp:0.0001%) tream Sount stream (stage) count :3——,4 5 6——,7——,8—— 0 L_I 1
U ' 0.1 0.01 0.001 0.0001 '
| Match Probability(%)
(g . . | (W:2A14, §:2/12)
Stashed-MJ Architecture

1 tuple store done

> process done
Process | ['gpiydone
Stage 1 A
. Control [><] Stage 2 ccess q
ontroliier ™ Controller 2 o o o SO oD oo e e o s :
% X T l > Controller “ S 50/ & E *5&"!8*&&"5&_'__- )4*5&"!.&4;
3 I | 1 opryon I U « | B, &T"5'(&
& > — g 5068 ()4 Q)82 HYh
3| | reliplegtoredone ||| Result g | Process > e, s
£ =F Store > L HSYHEA! |
5l || S1&S2Tuple | =4 — wewrre |
g| ||Store & Expire | —
@ | P S3 Tuple r | :
'8 - Access . |\ 411 V| ST
S Window S2 .
§A access lock / N Controller 1 A Store & Expire / \ N <+"!,_f${*éf‘p"(§:!2'\ e
| 1 /0A"2 /6472 |
X ; '
i XK )k )|( s \J)l( )l( ' e B
§ [ 0'&$)%"1"2 5 :
0 X ok | 1&HT | 1089)%" 3458758 ‘
: : : | ;45&14%9") 68$)%™ 12 ‘
Window S1 Window S2 Window S3 | 1 | 168$)%"3458"58&.
A design to avoid the re-computation of already processed data Y "

—_—



