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OTP Central Problem

e Food delivery services
o Ride-hailing platforms

@ Paradox of Greedy

o Theory: Exponential competitiveness
o Practice: Strong performance

Closing the Gap

Q: How can we rigorously explain Greedy's strong practical
performance?
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Setting
@ M: Metric Space

@ S: Server sites

e Each exists at some location in the metric space
o Each has some has some capacity a; (number of servers)

@ R: Requests

e Each may appear anywhere in the metric space
e Each must be assigned to an available server

Objective
@ Minimize the cost of the matching
Greedy Algorithm

@ Assigns requests to nearest available server
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Competitiveness and Resource Augmentation

Competitiveness

@ Performance metric for online algorithms

o a-competitive if ON(/) < a- OPT(/) for all instances /.
Resource Augmentation

@ Online algorithm has capacities ¢; = k - aj for k > 1

@ Optimal matching still has capacities a;
Research Question

@ Q. What is the competitive ratio of GREEDY under resource
augmentation k > 37



Related Work



Related Work

e k =1: [1] GREEDY is (2™ — 1)-competitive



Related Work

e k =1: [1] GREEDY is (2™ — 1)-competitive
e k =2: [2] GREEDY is ©(min(m,log C))-competitive



Related Work

e k =1: [1] GREEDY is (2™ — 1)-competitive
e k =2: [2] GREEDY is ©(min(m,log C))-competitive
o k> 3: GREEDY is (1+ 525 )-competitive



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n n

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n n

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n n B3

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n n B3

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n n B3 g

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n n B3 g
._m °

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

nr n 3 rs
._m °

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

nr n ra — rs/—\x

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

nr n ra — rs /—\;

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:

n r r ry rs n

S1 S2 S3 Sq4 S5 Sn



k =1 GREEDY Competitiveness

Consider the line metric and suppose there are single servers at

s =—1—¢ (forsome e >0)and 5; =21 —1 (for2<i<n)as
shown below. Then, we give a request sequence where GREEDY
has a competitive ratio of 2" — 1:




Initial Assumption

Assumption: a; = 1, ¢; = k for all server sites
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Online Edge < Leaf Distance

Leaf Distance: Shortest path from request to leaf-server in T
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Leaf Distance < Weighted Tree Cost

request in 7. Edge weights decrease geometrically by %
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: 2 (2)? 2
OPTEdgeWelghts:1+;+ P =14+ ——

Remove Assumption: Allow all a; > 1, and let ¢; = k - a;.
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Summary

o Context for GREEDY

o k > 3 RA offsets GREEDY's limitations
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