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Online Caching: System Model

Bipartite edge caching model®

Edge Caches J = {1,2,...J}
1 2 Jh

o s e e

User Locations: Z = {1,2,...,I}

Root Server

1K. Shanmugam et. al. “FemtoCaching: Wireless Content Delivery Through Distributed Caching Helpers” in IEEE Trans.
on Inf. Theory, 2013.
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® y: = (ynj € [0,1]) : Proportion of file n stored at cache ;.
® z; = (245 € [0,1]) : Proportion of file n routed to user i from cache j.

* Get utility fr(xe) = D_, ;i WijdniZni-
e Compute X¢y1

1K. Shanmugam et. al. “FemtoCaching: Wireless Content Delivery Through Distributed Caching Helpers” in IEEE Trans.
on Inf. Theory, 2013.
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Online Caching: Performance Metric

[ ] X: {{yXZ}ﬂ{ZnUSYnjew Vihj? n}}
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x* = arg max E fr(x and select x*, Vt.
gxeX ot e(x),
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Definition (Regret Metric)
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Online Caching: Problem Formulation & Algorithms

® No-regret policy: A policy {x:}7 with R = o(T): lim7_ R—TT =0

Regret-optimal policy: Rt = O (ﬁ )

Rr =3 (A() = filx) < i ((ex” —xi)). e = Vh(x)
Algorithms: Follow The Regularized Leader (FTRL)

Xt41 = argmin {(—cl:t,x)+r1;t(x)}

Example: g = %HXH2 re(x) = 0 leads to x¢41 = xr + ¢ < OGA
Recent advances:
® G. Paschos et. al. ,“Learning to Cache With No Regrets,” in IEEE Infocom, 2019.

® Y. Liet al., “Online Caching Networks with Adversarial Guarantees,” in ACM
Sigmetrics, 2021.

® D. Paria et. al. , “LeadCache: Regret-Optimal Caching in Networks,” in NeurlPS, 2021".
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Optimistic Learning via Recommendations
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Optimistic Learning via Recommendations

Edge Caching Yn,; Root Server
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Optimistic Learning via Recommendations

Edge Caching Yn; Root Server

User Locations: Z = {1,2,...,1}

Research Question

Can we leverage recommendations to minimize the regret beyond O(\/T)
while still maintaining the O(v/T) guarantee regardless of their quality?
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Optimistic Learning via Recommendations

Edge Caching Yn;j Root Server
m o

User Locations: Z = {1,2,...,1}

Research Question

Can we leverage recommendations to minimize the regret beyond O(\/T)
while still maintaining the O(v/T) guarantee regardless of their quality?

fort=1,2,..., T do:
* A request g; € {0,1}*N arrives.
® Served according to x;; a utility is gained f;(x;) = vaiJ W,,,-jq;izﬁij.
® Predict next slot’s utility: ;11 = WGz i1

¢ Compute X¢41
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Optimistic Learning via Recommendations

* Optimistic update?: xg1 = argminxex { — (c1.¢ + Eep1, X)+re(x) }

2M.Mohri et. al. " Accelerating Online Convex Optimization via Adaptive Prediction”, AISTATS 2016.
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® Regret optimal guarantee:

Ry < 2Dy

=
dllee—&l ,Dx=+/2(1+JC)
t=1
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Simulations

e Scenario (a): Stationary zipf requests.

® Scenario (b): Actual YouTube request trace.

40

50

R,

2 230 21 (ForoBC, p = 0)
Z40 E
= =
3 3
g 20 10.7% % 20
< = BHS <

20 —< 0GD

—4- 0BC,p=07
=¥ O0BC,p=0
10 0 1000 2000 3000 4000 5000 [] 1000 2000 3000 4000 5000
Time slot Time slot
(a)

e BHS: The benchmark policy, set with full future knowledge.
* OGD: The comparator, does not use predictions>.
[ ]

OBC: Optimitic (p is the probability of following the recom.).

3G. Paschos et. al. ,"Learning to Cache With No Regrets,” in IEEE Infocom, 2019.
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Optimistic Online Caching: Stable predictors

® Experts model. Objective: caching Rt = Rt of the best expert.

2

Pessimistic expert

yt(”) = argmin, {—c,,_1 y + ro-1(0)}
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Optimistic Online Caching: Stable predictors

® Experts model. Objective: caching Rt = Rt of the best expert.

® Meta-policy: Convex combination via u;.

2

Pessimistic expert

}’:(p) = argmin, {=cilem1 ¥ + 70,10}

3

Caching system implements

ye=uy” +ulyP
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Optimistic Online Caching: Stable predictors

® Experts model. Objective: caching Rt = Rt of the best expert.

® Meta-policy: Convex combination via u;.

® Meta-learner: OGD on wug41.

2

Pessimistic expert Ve
y):@ = argminy {—¢;_y ¥ + To-1(7)}

3

Caching system implements

(0),(0)

1
1
1
Ye=ug Y tul Yy 1 Ugrr = Palue +1eFy)
1
1

4
Get experts’ performance

Fo= (7 (). 704))

¢, is revealed
1

A 4

Meta-learner updates weights
®),,®)

A

Prepare new weights for the next round

Uptr
5
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Optimistic Online Caching: Stable predictors

2 4
F— t Get experts’ performance
essimistic expel A _ @ ©
yt(P) = argminy {—cile—1 ¥ + 70,1 (1)} %= (ft (y’ )'ft(yt ))

¢ is revealed
3 1

.

Caching system implements Meta-learner updates weights
(0),,(0) ®) @)

1
1
1
Ye=U Ve FU W 1 Uprr = Pa(ue +nFy)
1
1

A

Prepare new weights for the next round

Uttr

Rr= < RY +min {RP, R

o)

A
* Worst case:RT < O(V/T) ® Best case:RT <0
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Optimistic Learning with Constraints

* Violation metric: V, = [Zz—zl gt(xt)Lr. Objective: V1 =o(T)

* Lagrangian-type function L:(x,\) = rt + fr(x) + Age(x) — ri(x)
® Descent ascent Steps
At+1 = arg maxy>o { — (M) F AL gi(Xi)},

Xe41 = arg miny {rO:t(X) + (X Nisi — e — 5t+1,X>}'
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Summary & Outlook

® Using recommendations in the framework of online caching to obtain
R7 < 0 and maintain R < O(V/T).
¢ Caching (network) optimization:

Optimization Method Assumptions” Performance

~ 2000
2015 +

w

Adversarial

|
tlH

“on users’ requests / network dynamics
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