LM i A rvinGHav A Lightweight Data Location Service for Nondeterministic Exascale Storage Systems

Sandia
National
Laboratories

Effectiveness of Probing and

Zhiwei Sun!, Anthony Skjellum?!, Lee Ward2, Matthew L. Curry?

1Department of Computer and Information Sciences, The University of Alabama at Birmingham, Birmingham, AL;
2Sandia National Laboratories, Albuquerque, NM

State Transition among the Types of Server

Introduction

In this study, we present LWDLS, a lightweight data location service designed for LIStS in LWDLS E B A o o MRS — Prun|n (] O » erat|0ns
. stor_| . - etwork Topology
Exascale storage systems (storage systems with order of 10”18 bytes) and geo- | Incoming lookup message with snidand |
distributed storage systems (large storage systems with physically distributed | semd information : - - made |t mede| e 0| e M " [ Intial distibution averane dearoe = 136
IStri! g ys g g Y : phy Y et —————- — 'fa?gtiﬁrgi‘}éﬁggfﬁ’s“td ST e e ey | B Initial distribution, average degres = 9.8 | oo3st  [] [EER Initial distribution, average degree = 138
locations). LWDLS provides a search-based data location solution, and enables free 1] snid ssnid | ! [my_nid] 1 =] Triangle_list l — — ) IS After pruning, average degres = 9.62 [ After pruning, average degree = 65
data placement, movement, and replication. In LWDLS, probe and prune protocols Le==F=ss=====z==z====cf==2—-———-- d ‘swit;h‘ e ey el el ol e ‘sv;;t;h‘ 0.14} 0.030} }
are introduced that reduce topology mismatch, and a heuristic flooding search enid 1 It ssnid is not in neighbor_ist, ooy L L) L) Loy L Ly s _
. . . . . . snid is not will_prune_list, or black_list ~, 0,12 B,U-.{JEE _
algorithm (HFS) is presented that achieves higher search efficiency than pure It the bit of IS NEIGH is -ﬂe'é"ﬂ,b‘ér—ﬂff‘o = 010 =
1 1 1 1 n ni_i notin wil_prun _-I o switc switcl switc switc switc switc switc switc a0 [ L -
flooding search while delivering comparable search speed and coverage to pure ONE and snid is not black it Will_probe lis \m.,f;e EAlEAIEAE mﬁgul?e‘\\‘m?{u.“e m?c.@he‘\ @ E - 0) g o020
ﬂ00d|ng search. If the server is closer Ifet:c(]e sir\é%rr;sl)g?;dcloiﬁr I ] I I ] I [ I I E ' E 0015}
enough compared ugk ared wi -
LWDLS is lightweight and scalable in terms of incorporating low overhead, high with given criteyj glven criteria el Tﬂ m 0 0.010
. . T . . . Adapter |*°° Adapter |*°* Adapter
search efficiency, no global state, and avoiding periodic messages. LWDLS is fully Corvers satity T 7 * 0.04f
distributed and can be used in nondeterministic storage systems and in ooterapping (IR S the pruning f pruning operation Removed after a 0.02f 2005y
deterministic storage systems to deal with cases where search is needed. Neighbor_list 0 e , PRCLLLLLLL T LD T TERPTERT . ocog, LM EE S HHIHBHAHANARAR AN, |
'y Storage Server { * 1
Extensive simulations modeling large-scale High Performance Computing (HPC) f pruning operation did not succeed Node Degree Node Degree
storage environments _P"O\_/ide rgpresentative performance outcomes. Performance Figure 4. Diagram of state transitions for servers among the types of server lists used in LWDLS &3 Figure 11. Effects of probing and pruning operations on the node degree distribution, tested
is evaluated by metrics including search scope, search efficiency, and average i i i _ :; é on two overlay network topologies. (a) Change of node degree distribution on overlay network
neighbor distance. Results show that LWDLS is able to locate data efficiently with A Heuristic Floodlng Search (HFS) Algorlthm with M=5. (b) Change of node degree distribution on overlay network graph with M=80.
low cost of state maintenance in arbitrary network environments. Through these (b) e ——— — e e :
. . . . ' nillel dis on, evarege distance=27T.67 .8 ! )
simulations, we demonstrate the effectiveness of protocols and search algorithm of e oos %58 %68 oo SoF &S Figure 8. Simulator. (a) Simulated HPC storage system with three-level fat-tree network topology. 3 Afterrunig vith o selof TTL=2rouest,avrage disance=26.30 us 0, 12| Alerpruning wih o ool o TTL72 requests, auerage Sutance-28 3440
LWDLS. (b) Architecture of simulator. ol
- - D;‘Iﬂ
Initial Overlay Network Graphs e >
PrObe and Prune PrOtOCOIS 000> @10 o [E8 Average degree = 0.0 0.014 [EEE Average degree = 138.08 | I;\I/gel:lgf, ?l.egv\y:rk % :;.; .
0.16 : 03 £
] _ _ _ o N 0012 graphs used for (@ © (b) £ 0.08
Figure 5. Example of triangles with knowledge bits updated over communications. (a) Initially, A, a1ar testing LWDLS. (a) o o
(&) B, and C don’t know that they have form a triangle. (b) Server B broadcasts lookup messages to =02 0010 Initial degree .| 0.04f
its neighbors, and server A and C forward lookup messages. (c) After A and C receive redundant % 019 0.008 distribution of
messages they update their knowledge bits accordingly. (@) S om 0005 network graph o1} 0.02|
e (A,B,C) (B.A,.C) (A,B,C) (B,A,C) (A,B,C) (8,A,C) (AB,C) (B,AC) O s 0.004 with M=5. (b) 0.00 .
@ odup e OO0 OO g BT OD P LLY (L0 (LL1) nodf | Initial degree I I R I R VY8 12 16 20 24 28 32 36 40 44 48 52 56
EUEN anid=h serids (B)nmes o 0002 IIII"III distribution of Latency (¢s) Latency (us)
Figure 1. Example of a probing operation. (a) Initially, server B and C are not direct neighbors. p0ug A overlay network
(b) Server C starts to probe B, and B sends an ACK message back to C. (c) After probing, C — M0s T e maas Eé;éi;ﬂ 25 27 23 31 33 35 2 ®2 M2 oAz ‘ﬁ‘-eg‘ige‘gz 212 232 252 graph with M=80. Figure 12. Reduction of neighbor distances. (a) Distribution of neighbor distances after
may add B into its neighbor list or not. (d) If C adds B into its neighbor list, eventually B will (C.A,B) pruning with the initial overlay network graph with M=5. (b) Distribution of neighbor distances
also add C into B’s neighbor list, since C will send to B message with the bit of IS_NEIGH being (0,00) - after pruning with the initial overlay network graph with M=80.
o) @ Comparison of Search Performance pruning Y grap
A — B (A.B.C) (BAC)  (ABO) (BAC) e I a WRSTER
_ 4 N (0,0,0) (1,0,1) , ‘ . 80 5 Fa B0 x:‘::**m Figure 10.
\ ) \ —) _ \ —— e— = B0 s D NN Comparison of
- switch switch S g A _w search - LWDLS is a search-based data location service, enables free data placement,
- 7 E o0 ¥ 2 S S per[ﬁm‘t\ance movement, and replication.
= ED (= fL on e two _ o ] o
(a) (b) © £ 4 2w network - LWDLS is able to locate data efficiently in nondeterministic Exascale storage
Figure 2. Pruning operation based on the ratio of the lengths of two adjacent edges of a (b) (@) g ' ) ™ 4 e graphs (a) systems
triangle. (a) Server A initiates a flooding search, and two redundant messages are generated on _ : Ph Il HES red q di dund 3 b Search scope .
: ! . -I: -l t @ 4 : @ P e - . . . -
edge BC. (b) After pruning edge AB, two redundant messages eliminated. (c) Example of an Phase-l: Accumulating states from ase peutEs SEneing restn Fan - 0 velgoorReEs on the graph - LWDLS is lightweight, efficient, and scalable in terms of avoiding global state
ideal case where A and C are more physically closer than to B, and topology mismatch is duplicated messages received. messages by using the states accumulated. e : ST with M=5. (b) iodi Ye limitatic ' ,
reduced by pruning operation of LWDLS. ' Figure 6. Accumulating states for reducing redundant messages with triangles and knowledge bits I B S R ’ oz T e . ° 7 Gearch periodic messages, or the limitations on locations of data.
epcoded. (a) After B and C receive redunda.nt messages from ee'ach other, both of them detect the Fei s e G0 WS wih kv nd e = P onieg e 00 TS vl kg ard sk efficiency on « With the probe and prune protocols and HFS algorithm, LWDLS is able to
triangle ABC, and update their knowledge bits. (b) When B receives a redundant message from A, (3] HES witprobing 4 Pros. foasng, P-0.5 (3] HES witprobing -+ Pros. foasng, P-0.5 the graph with dd bl ft | . tch d inefficient h £ f th
B is allowed to send a duplicated message to A on purpose, so that A can detect this triangle and (B8 NP8 wteu pbingernring >+ Pron foodon, P00 55 WPS witcut pbigorpering 4~ Prob Hoodon, P08 M=5. (0) address problems of topology mismatch and inefhcient search performance or the
o updated its knowledge bits. In (c),(d), and (e), on each triangle only two messages are needed = = = = 100 pure ﬂoodlng search algorlthm.
3 among the three nodes without sending redundant message by HFS Search scope
% 9 g ge by ' Y j‘; O'f‘tﬁhslgg%lf’h - LWDLS provides higher search efficiency than pure flooding search while
, lookup msg (") ;@ lookup_msg(7a) lookup msq ") o ‘("Q) Search. delivering comparable search speed and search coverage.
111) (1,1,2) £ - . ] . .
/ d) g% fgﬁﬂenc&r’] on « The effectiveness of LWDLS has been tested through extensive simulations
(b) (d) 2 . mego T modeling large-scale HPC storage environments.
L - .
3
Figure 3. Cases of pruning operations for avoiding partitioning network graph, where server A 20
tries to prune server C from its neighbor list in distributed environment. In cases (a) and (b), - ACkhOWlEdgementS
Server C will disagree on A’s pruning request, since there is no alternative path to A. And in ot 0 i ) ) )
case (d), server C will agree on server A’s pruning request. In case (c), one of server A's _ . . (b) . - ‘ ? TTL Vol § ‘ ? L This work was supported in part by the United States Department of Energy under Contract DE-AC04-
iahb B. will di ing C by A. And i B will A Figure 7. Examples of selectively forwarding messages by HFS. (a) Only one triangle is involved. st Pure fooding seatch @0 HFS wilh prebing and pursng st Pure fooding search G0 HFS wilh prcking and peuring 94AL85000. This work was supported in part by the National Science Foundation under grant OCI-
neighbors, say server B, will disagree on pruning y A. And in case (e), B will agree on A’s _ _ _ il 00 nrs il proting i S e o T :
pruning operation C does not need to send message to B, since A has sent. (b) Two triangles are involved. For D, the 551 WPE wih ek > Frab. foading, P05 ) HFS wilh it oy Prob. foeding, P-0.5 1064247and CCF-1239962. We want to thank UAB CIS IT staff for maintaining the Linux clusters used
' one having larger ID among B and C should send to D. (c) A number of triangles are involved.). G0 HFE withoul proting crpruning <~ Prab. fading, P-0.9 G5 HFEwithout proting arpruning  +—¢ Prob. 8aading, P=0.9 and providing timely supports.




