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Minimize Mean
Response Time E[T]

Poisson(}) Load
> Balancer

Knows gqueue lengths
Not job sizes

Q: What s the optimal load balancing policy?

Warm up

A: Join-the-Shortest-Queue

Q: Why?
A: JSQ = Minimize Expected Response time of arrival
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MER = Minimum Expected Smart-JSQ = Join-
Response time Shortest-Queue
(with smart tie breaks)

Q: Which is the better policy?
Q: What is the optimal policy?
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Simulation Results

« Effect of K
- Effect of arrival rate (1)
- Effect of degree of heterogeneity
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Q: Performance of MER
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- Arrivals find at least one fastidle *an notuse slow until each fast has
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Many-servers light-traffic limit
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Q: Performance of Smart-JSO
Case 1: A<4K/3 Case 2: A>4K/3

* Fast can handle A Use slow as soon as each fast
* Arrivals find at least one fast idle has 1 job !

- = E[T] = 1/4




Many-servers light-traffic limit
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Smart-JSQ better than MER!

" ...but any policy which sends to slow when all
fast are busy is identical in light-traffic




HYBRID Smart-JSQ
(smart-JSQ+MER)
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MER when all busy

Light-traffic => HYBRID = Smart-JSO

smart-JSQ when some server idle
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Many-servers heavy-traffic analysis for
homogenous JSQ
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Analysis technique: Markov chain for total jobs in system

N AT TS

= mean departure rate given 3K/2 jobs
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Finding the O(1)
fluctuations critical to
analysis
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O(1) idle queues
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> 7K N = (1+V)K
(0<y<1)

Departure rate = K—(1-y)/y

(not K)
> (1-7)K

Finding the O(1)
fluctuations critical to
analysis

Rate = (1'Y)Kl t Rate = K
“ O(1) idle queues
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Many-servers heavy-traffic analysis for
homogenous JSQ
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Analysis technique: Markov chain for total jobs in system

A A A A
0. 3080
K-1 K K

Asymptotically

negligible i
probability mass First closed-form approx for JSQ!
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Many-servers heavy-traffic limit
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OPT policy = maximize departure rate for each N
= (preemptively) send jobs to slow servers even when
they have 1 job and all fast servers have > 1

Smart-JSQ is optimal in many-servers
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Many-servers light-traffic
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Many-servers light-traffic
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Many-servers heavy-traffic

w=4, =1, K,=100, K,=200

MER

HYBRID

Smart-JSQ

594 596
Arrival rate (1)




Effect of number of servers

},_.L] :4, },l.2:1, 0(1:1/3, (X2:2/3

Smart-JSQ

12 24
Number of servers




Effect of number of servers

},_.L] :4, },l.2:1, 0(1:1/3, (X2:2/3

Smart-JSQ

12 24
Number of servers




Effect of number of servers
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Conclusions

A new many-servers heavy-traffic scaling to
analyze load balancing policies

First closed-form approx of load balancing
heuristics

Choosing the right load balancer

- Few servers, Small load, High heterogeneity = HYBRID
- Many servers, High load, Low heterogeneity = smart-JSQ
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Many-servers heavy-traffic
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