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L Abstet Tiering Optimization Problem

e We present a fast online solver for large scale parametric max-flow problems as they occur in portfolio Problem Setting Practical Considerations:

optimization, inventory management, computer vision, and logistics; e [.azy updates: only updating docs that are retrieved by a query. Define s(n) := 2?21 17 as an aggregate

What we have:

e Our algorithm solves an integer linear program in an online fashion; gradient step and let 6(n’, n) := (s(n’) — s(n)). Its approximations:

o It exploits total unimodularity of the constraint matrix and a Lagrangian relaxation to solve the problem as  ® d € D, the documents we would like to cache; g € Q, the querics arriving at a search engine;

n’ /
a convex online game; e v, € (0,V), the value for a query g; 5(n’,n) = Z L f c_ 2 [ ' +ng— \n+ nO] ;
e The algorithm generates approximate solutions of max-flow problems by performing stochastic gradient 7T = {1,...,k}, the k different tiers with its associated aggregate capacity C; for ¢’ < t; j=n+1 ¥YJ 110 no NJ TN
descent on a set of flows; e a bipartite graph G with vertices D U Q and edges (d, g) € E whenever document d should be retrieved for , , . , ,
. L o , e Data reduction: any query occurring more frequently v, than A will automatically ensure that the associated
e We apply the algorithm to optimize tier arrangement of over 80 Million web pages on a layered set of query q; . .. . :
. . : . . ‘ _ pages are cached. As well, any document d for which >, ,c v4 1s displayed less than A will definitely not
caches to serve an incoming query stream optimally. e a penalty p; of incurring a tier-miss of level ¢ > 1. be in the cache.

What we want: }
Motlvatlng Example e an assignment of each document to a tier, z; € T. Toy Data Experiments

o—o SUM-tier . . .
Online Programming Eéﬁﬁgpft e A random bipartite query-page graph using 150
The Tiering Problem *f : queries and 150 pages. Each query vertex has a de-
The cost of access (per query) sl gree of 3, and value v, := 10(2 + q)_O'S;

Goal: is determined by the worst case tier of the documents associated with the query, 1.e. ug = mMaXy:(q.d)eG Zd- : e Session miss evaluation: for each session g, a miss
e Select documents to be stored in successive tiers or caches of decreasing access frequency Integer Programming: Soaf occurs 1f any one of the associated pages 1s not found
e such that frequently accessed documents are found in the highest tiers MAaX.(g.d)eG 2d - in cache, INCUITING Vg MISSES for that session; o

hus th h engi 11 1 ' 1 ' ith low | ional 1 minimize Z V Z 5.tz € {1 k): Z ] <C,. V1<t<k (1) il e Result comparisons with the max and sum heuristics;
e thus the search engine will be able to cover incoming queries with low latency and computational load. : q . pjs.t zq soees KJS (zy<t} = Gt <t= o Left figures: 2-tier system; Bottom: 3-tier system.

One proposed solution: 9€Q J=1 deb oo " " Tiorosize e

e Assign a value to each document and arrange them such that the highest valued documents reside in the Two-tier (single cache system): STTerSysiem O versus MAX 3-Tier System: OPT versus SUM
highest levels of the cache; | 13 | L
e But this is sub-optimal. fininize Z Vq N (f;giie G zg s.t. zg €10, 1}; Z zg 2 ID|=C (2) EM 125 U | 13

. . . . €Q o deD g 3 % 13
Reason: to answer a given query well, a search engine returns not only a single document but a list of r 1 " ik s 128
(typically r = 10) documents. (Reformulation as) Linear Integer Programming: £ 1 115 -FZ’“ 12
YAHOOL, | nowst iomsionprocosingsyome. Search_| minimize Z Vag s.t. ug > zq for all (g, d) € G zg,uq € {0, 1}; Z g2 |D|-C (3) | " | o8 h
U 0.4 06

4. . SearchPad Also try: advances in neural information processing systems, more... qu dED 11

v

dOC 1Neura| Information Processing Systems (NIPS)
2008, December 4-8, Vancouver, Canada. Neural computation, learning theory, Tier-1 Size 0 0

algorithms and architectures, neuroscience, vision, speech, control and diverse . . .
(Relaxation as) Linear Programming:

1,400,000 resuits for Tier-0 Size ier— i ; ;
neural information p...: applications Tier-1 Size Tier-0 Size

Show All nips.cc - Cached
W Wikipedia dOC 2Neural Information Processing Systems - Wikipedia. the free ...
Conference on Neural Information Processing Systems (NIPS) is a machine learning
Y Docstoc and computational neuroscience conference held every December in Vancouver,

Canada. It n in 1887 as a computational cognitive science conference, and\;/as held | . . . Web Data Ex eriments

ot W = cache 1 minimize E vgug — A E Zqg St ug > zg torall (¢,d) € G; z4,uqg €10,1]; 1>0 (4) P
dOC 32;1vance.s IS Netlllrafl Infot:'ma;ion Pl;oczssinq S(\'sf;grs (NIPS) c('(-c_ ; ] | : Z’u qEQ dED

b e Caon {¢doc 10 i e Data come from the logs for one week of September 2009 containing results from the top geographic
dOC 41”\!/':? :-l%gzie/;ﬁ::;%;nggrlgc:eie1h(|)oura| Information Processing Systems . You : < < < < < 9

arem\t/yned to participate in the Twenty-Fourth Annual Conference on Ngurzl Information (Reformulation aS) Linear Programming (in term Of One Variable): reglons Wthh 1nc1ude a. ma] Orlty Of the SearCh englne S user base;

nips.cc/Conferences/2010 - Cached h 2 . . . .
doc Steunstinfornaton Processing Ssteme P®) e i | e We only record a (query, document) pair, appears in top 10 (first result page) for a given session and we

SRS oy it Cachsd \\ . A 0.1 1> 0 5 aggregate the view counts of such results, which will be used for the session value;
dOC 6Advances in Neural Infprmation Processing Sy;tem;; 18 - The ... mlnlmlze vq . maX Zd o |_Q| Zd S't. Zd’ uq E [ ’ ]’ Z ( ) . . . . 8 . 7 . R .

T e ¢ qeQ | d:(q.d)€G deD e In its entirety this subset contains about 10® viewed documents and 1.6 - 10’ distinct queries. We excluded
AOC THESUE . e oo csson sao ot l results viewed only once, yielding a final data set of 8.4 - 107 documents.

m:gﬁlscz:gc;né':f;ances in Neural Information Processing Systems, Volumes 0 ... cache 3
doc 8,';'.'fsszgﬂf."N‘oﬂ,?,}‘.’,f}[,',,'J,';Z.’;‘,‘,a,ff::,;.’,?:gjﬁf;‘,ﬂfc‘{jﬁ:ﬂ,‘ni§°£§?k§§.”§§,g'2010 : Real Web-Search Experiment (84.32 mil. pages and 16.4 mil queries) Relative Improvement: ONL-Rank-tier to Baselines

:1:33?:!3:?::m22:1f§’5cwlct"evcr‘Lshowcfp?cvertid:9213&.“-% | | Algorlthm ! 1 I I I I I I I SIUM-tier I—n—

.. . - ONL-Rank-tier —e—
. . Initialize all z = 0 | -
Other Similar Problems Set n — 100 os |}
, , , , , fori = 1 to MAXITER do .l
e Database record segmentation: queries — subsets of data items being retrieved by users and documents |

for allg € O do
n = # (Iearning rate)

— all data items;

Session Miss

0.4

e Critical load factor determination in two-processor systems: queries — pairs of program modules that

) . n < n + 1 (increment counter)
need to communicate with each other and documents — all program modules;

Update ¢ 7 — n@zfq(z) 0.2 |
e Product portfolio selection: queries — historical orders and documents — products; Project z to [0, 1] via z; « max(0, min(1, z))
° 7). end for ’ | | | , , , , 01 02 03 04 05 06 07 08 09
el’ld fOl’ fier-0 size tier-0 size

Session Miss Ratio (largeris better)




