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Chapters 12.4-12.6 and 15.2-15.3 of Cow Book

Arun Kumar

1

CSE 132C  
Database System Implementation

Slide ACKs: Jignesh Patel



2

Query

Query Result

Database Server

Select R.text from  
Report R, Weather W 
where W.image.rain()  
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and W.date = R.date 

and  
R.text. 

matches(“insurance claims”)
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  Recall the Netflix Schema

RatingID Stars RateDate UID MID
1 3.5 08/27/15 79 20
… … … … …

UID Name Age JoinDate
79 Alice 23 01/10/13
80 Bob 41 05/10/13

MID Name Year Director
20 Inception 2010 Christopher Nolan
16 Avatar 2009 Jim Cameron

Ratings

Users

Movies
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  Example SQL Query

RatingID Stars RateDate UID MID
UID Name Age JoinDate
MID Name Year Director

SELECT M.Year, COUNT(*) AS NumBest 
FROM  Ratings R, Movies M  
WHERE R.MID = M.MID 
  AND R.Stars = 5 
GROUP BY M.Year 
ORDER BY NumBest DESC

Suppose, we also have a B+Tree Index on Ratings (Stars)



Logical Query Plan 
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SELECT 
R.stars = 5

Ratings Table

SELECT 
No predicate

Movies Table

JOIN 
R.MID = M.MID 

GROUP BY AGGREGATE 
M.Year, COUNT(*)

SORT 
On NumBest

Result Table

Called “Logical” 
Operators

From extended RA

Each one has 
alternate “physical” 
implementations
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Indexed Access 
Use Index on Stars

Ratings Table

File Scan 
Read heapfile

Movies Table

Index-Nested 
Loop Join

Sort-based 
Aggregate

External Merge-Sort 
In-mem quicksort; B=50

Result Table Physical Query Plan 

Called “Physical” 
Operators

Specifies exact 
algorithm/code to 
run for each logical 
operator, with all 
parameters (if any)

Aka “Query 
Evaluation Plan”
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File Scan 
Read Index leaf pages

Movies Table

File Scan 
Read heapfile

RatingsTable

Hash Join

Hash-based 
Aggregate

External Merge-Sort 
In-mem quicksort; B=50

Result Table Physical Query Plan 

This is also a correct 
PQP for the given LQP!

Q: Which PQP is faster?

This is a key job of the 
RDBMS Query Optimizer!



So, what is query optimization and how 

does it work?
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  Meet Query Optimization

A given LQP could have several possible  
PQPs with very different runtime performanceBasic Idea:

Get the optimal (fastest) PQP for a given LQPGoal (Ideal):

Goal (Realistic): Fine, just avoid the “clearly awful” PQPs!

Query optimization is a metaphor  
for life itself! It is often hard to even 
know what an optimal plan would  
be, but it is feasible to avoid many  
obviously bad plans!Jeff Naughton
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Overview of Query Optimizer

SQL Query

Logical Query Plan

Physical Query Plan 
(Optimized)

Parser

Plan 
Enumerator

Plan Cost 
Estimator

Optimizer

To Scheduler/Executor

Catalog



  System Catalog
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❖ Set of pre-defined relations for metadata about DB (schema) 
❖ For each Relation:  
 Relation name, File name 
 File structure (heap file vs. clustered B+ tree, etc.) 
 Attribute names and types; Integrity constraints; Indexes 
❖ For each Index:  
 Index name, Structure (B+ tree vs. hash, etc.); Index key 

❖ For each View:  
 View name, and View definition



  Statistics in the System Catalog
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❖ RDBMS periodically collects stats about DB (instance) 
❖ For each Table R: 
 Cardinality, i.e., number of tuples, NTuples (R) 
 Size, i.e., number of pages, NPages (R), or just NR 
❖ For each Index X: 
 Cardinality, i.e., number of distinct keys IKeys (X) 

 Size, i.e., number of pages IPages (X) (for a B+ tree,   
this is the number of leaf pages only) 

 Height (for tree indexes) IHeight (X) 
 Min and max keys in index ILow (X), IHigh (X)



14

  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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File Scan 
Read Index leaf pages

Movies Table

File Scan 
Read heapfile

RatingsTable

Hash Join

Hash-based 
Aggregate

External Merge-Sort 
In-mem quicksort; B=50

Result Table Concept: Pipelining

Q: Does the hash-based 
aggregate have to wait 
till the entire output of 
the “upstream” hash join 
is available?

No! We can  
“pipeline” the output 
of the join – pass on  
a join output tuple as 
soon as it is obtained!
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  Concept: Pipelining

Do not force “downstream” physical operators  
to wait till the entire output is availableBasic Idea:

Display output to the user incrementally 
CPU Parallelism in multi-core systems!Benefits:

Tuples

File Scan

Hash Join

Hash-based 
Aggregate
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  Concept: Pipelining

❖ Crucial for PQPs with workflow of many phy. ops. 
❖ Common feature of almost all RDBMSs 
❖ Works for many operators: SCAN, HASH JOIN, etc.

Q: Are all physical operators amenable to pipelining?

No! Some may “stall” the pipeline: “Blocking Op”

Usually, any phy. op. involving sorting is blocking!

A blocking op. requires its output to be Materialized  
as a temporary table
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File Scan 
Read heapfile

Movies Table

File Scan 
Read heapfile

RatingsTable

Sort-Merge Join

Hash-based 
Aggregate

External Merge-Sort 
In-mem quicksort; B=50

Result Table Blocking Op

This phy. op. is blocking 
because we need to sort 
Movies and sort Ratings 
(materialize the output) 
before we can start any 
aggregate computations!
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Mechanism: Iterator Interface

❖ Software API to process PQP; makes pipelining easy to impl. 
❖ Enables us to abstract away individual phy. op. impl. details 
❖ Three main functions in usage interface of each phy. op.: 
 Open(): Initialize the phy. op. “state”, get arguments 
   Allocate input and output buffers  
 GetNext(): Ask the phy. op. impl. to “deliver” next 

output tuple; pass it on; if blocking, wait 
 Close(): Clear phy. op. state, free up space
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Overview of Query Optimizer

SQL Query

Logical Query Plan

Physical Query Plan 
(Optimized)

Parser

Plan 
Enumerator

Plan Cost 
Estimator

Optimizer

To Scheduler/Executor

Catalog
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  Enumerating Alternative PQPs

❖ Plan Enumerator explores various PQPs for a given LQP 
❖ Challenge: Space of plans is huge! How to make it feasible? 
❖ RDBMS Plan Enumerator has Rules to help determine what 

plans to enumerate, and also consults Cost models 

❖ Two main sources of Rules for enumerating plans: 
 Logical: Algebraic Rewrites: 
 Use relational algebra equivalence to rewrite LQP itself! 

 Physical: Choosing Phy. Op. Impl.: 
 Use different phy. op. impl. for a given log. op. in LQP
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Algebraic Rewrite Rules

❖ Rewrite a given RA query in to another that is equivalent (a 

logical property) but might be faster (a physical property) 
❖ RA operators have some formal properties we can exploit 
❖ We will cover only a few rewrite rules: 
 Single-operator Rewrites 
  Unary operators 
  Binary operators 
 Cross-operator Rewrites 
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  Unary Operator Rewrites

Q: Why are cascading rewrites beneficial?

�p1(�p2(R)) = �p2(�p1(R))

❖ Key unary operators in RA: 

❖ Commutativity of 

❖ Cascading of 

❖ Cascading of 

�
�

�

⇡

⇡

�p1(�p2(. . .�pn(R) . . . )) = �p1^p2^···^pn(R)

⇡A1(⇡A2(. . .⇡An(R) . . . )) = ⇡A1(R)

Ai ✓ Ai+18i = 1 . . . (n� 1)
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  Binary Operator Rewrites

Q: Why are these properties beneficial? 

Q: What other binary operators in RA satisfy these?

❖ Key binary operator in RA: 

❖ Associativity of

❖ Commutativity of R ./ S = S ./ R

./

./

./ (R ./ S) ./ T = R ./ (S ./ T )
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  Cross-Operator Rewrites

❖ Commuting      and � ⇡ A ✓ B
�p(A)(⇡B(R)) = ⇡B(�p(A)(R))

❖ Combining      and � ⇥

❖ “Pushing the select”

❖ Commuting      with     and 

A ✓ R.⇤

⇥⇡ ./

�p(R⇥ S) = R ./p S

�p(A)(R ./ S) = �p(A)(R) ./ S

�p(A)(R⇥ S) = �p(A)(R)⇥ S

⇡A(R⇥ S) = ⇡A\R.⇤(R)⇥ ⇡A\S.⇤(S)

⇡A(R ./p(B) S) = ⇡A\R.⇤(R) ./p(B) ⇡A\S.⇤(S)
B ✓ A
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  Review Question

A ✓ R.⇤

<latexit sha1_base64="QdYJ+k+7uIAwBhqwHHsOZwMe27I=">AAAB+HicbVBNS8NAEN34WetHox69LBZBPIRECuqt6sVjFfsBbSib7aRdutnE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe2639bS8srq2npho7i5tb1Tsnf3GipOJYU6jXksWwFRwJmAumaaQyuRQKKAQzMYXk/85iNIxWJxr0cJ+BHpCxYySrSRunbpEndUGijQ8IDvnJOuXXYddwq8SLyclFGOWtf+6vRimkYgNOVEqbbnJtrPiNSMchgXO6mChNAh6UPbUEEiUH42PXyMj4zSw2EsTQmNp+rviYxESo2iwHRGRA/UvDcR//PaqQ7P/YyJJNUg6GxRmHKsYzxJAfeYBKr5yBBCJTO3YjogklBtsiqaELz5lxdJ49TxKs7FbaVcvcrjKKADdIiOkYfOUBXdoBqqI4pS9Ixe0Zv1ZL1Y79bHrHXJymf20R9Ynz9Wc5JA</latexit>

A ✓ R. ⇤ and B ✓ S.⇤

<latexit sha1_base64="sLlcld1o9u3m6IxPA67RG6k1984=">AAACG3icbVC7SgNBFJ2N7/iKWtoMBkFSLLshoHYxNpa+okISwuzkxgyZnV1n7ophSb7Dxl+xsVDESrDwb5zEFBo9MHA451zu3BPEUhj0vE8nMzU9Mzs3v5BdXFpeWc2trV+YKNEcqjySkb4KmAEpFFRRoISrWAMLAwmXQfdw6F/egjYiUufYi6ERsmsl2oIztFIzVzygdZMEBhBu6KlboIM6wh2qSIdMpky1+gNa+RE5cwvNXN5zvRHoX+KPSZ6McdzMvddbEU9CUMglM6bmezE2UqZRcAn9bD0xEDPeZddQs1SxEEwjHd3Wp9tWadF2pO1TSEfqz4mUhcb0wsAmQ4YdM+kNxf+8WoLtvUYqVJwgKP69qJ1IihEdFkVbQgNH2bOEcS3sXynvMM042jqztgR/8uS/5KLo+iV3/6SUL1fGdcyTTbJFdohPdkmZHJFjUiWc3JNH8kxenAfnyXl13r6jGWc8s0F+wfn4AsP9oKQ=</latexit>

⇡A(R⇥ S) = ⇡A(R)⇥ S

<latexit sha1_base64="4um0pvIV0wsmOc/OyICxijVysgs=">AAACDnicbZDLSsNAFIYn9VbrLerSzWAptJuSSEFdCFU3LuulF2hCmEwn7dDJJMxMhBL6BG58FTcuFHHr2p1v47QNoq0/DPx85xzOnN+PGZXKsr6M3NLyyupafr2wsbm1vWPu7rVklAhMmjhikej4SBJGOWkqqhjpxIKg0Gek7Q8vJ/X2PRGSRvxOjWLihqjPaUAxUhp5ZsmJqXdevoGOoiGR8LYCz2DGKj/QM4tW1ZoKLho7M0WQqeGZn04vwklIuMIMSdm1rVi5KRKKYkbGBSeRJEZ4iPqkqy1Heo2bTs8Zw5ImPRhEQj+u4JT+nkhRKOUo9HVniNRAztcm8L9aN1HBiZtSHieKcDxbFCQMqghOsoE9KghWbKQNwoLqv0I8QAJhpRMs6BDs+ZMXTeuoateqp9e1Yv0iiyMPDsAhKAMbHIM6uAIN0AQYPIAn8AJejUfj2Xgz3metOSOb2Qd/ZHx8AzvOmbg=</latexit>

❖ Which of the following hold?

⇡A(R ./p(B) S) = ⇡A(⇡C\R.⇤(R) ./p(B) ⇡C\S.⇤(S))

<latexit sha1_base64="LiDbqQPmMqUaeQudamb39xNrJwc="></latexit>

�p1^p2_p3(R) = �p1(R) \ �p2(R) [ �p3(R)

<latexit sha1_base64="/aEe9g5UGOG9Y9ooR6UObJSVPq4="></latexit>

�p(A)^q(B)(R ./ S) = �p(A)(R) ./ �p(B)(S)

<latexit sha1_base64="ycJYelhNpXnI+v1x6XcLooug9NA="></latexit>

C = A [B

<latexit sha1_base64="SkWqixdVlfVBYt26h2c+BsxIgBs=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVQT0Itb14rGA/oLuUbJptQ7PZkGSFsvRvePGgiFf/jDf/jWm7B219MPB4b4aZeaHkTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK2TVBHaIglPVDfEmnImaMsww2lXKorjkNNOOG7M/M4TVZol4tFMJA1iPBQsYgQbK/kNdIvukE9Sier9csWtunOgVeLlpAI5mv3ylz9ISBpTYQjHWvc8V5ogw8owwum05KeaSkzGeEh7lgocUx1k85un6MwqAxQlypYwaK7+nshwrPUkDm1njM1IL3sz8T+vl5roOsiYkKmhgiwWRSlHJkGzANCAKUoMn1iCiWL2VkRGWGFibEwlG4K3/PIqaV9UvcvqzcNlpVbP4yjCCZzCOXhwBTW4hya0gICEZ3iFNyd1Xpx352PRWnDymWP4A+fzB6FtkCU=</latexit>
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Choosing Phy. Op. Impl.

 

3 options 3 options 4 options = 36 PQPs!

Q: With algebraic  
rewrites?!

❖ Given a (rewritten) LQP, pick phy. op. impl. for each log. op. 

❖ Recall various RA op. impl. with their I/O (and CPU costs)

File scan vs Indexed (B+ Tree vs Hash) 

Hashing-based vs Sorting-based vs Indexed 

BNLJ vs INLJ vs SMJ vs HJ 

etc.

�
⇡
./
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  Phy. Op. Impl.: Other Factors

❖ Are the indexes clustered or unclustered? 
❖ Are there multiple matching indexes? Use multiple? 
❖ Are index-only access paths possible for some ops? 
❖ Are there “interesting orderings” among the inputs? 
❖ Would sorted outputs benefit downstream ops? 
❖ Estimation of cardinality of intermediate results! 
❖ How best to reorder multi-table joins?

Still a hard, open  
research problem!Query optimizers are complex beasts!
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  Phy. Op. Impl.: Join Orderings
❖ Since joins are associative, exponential number of orderings!

 

 

 

 

   

 

 

 

 

 

 

 

   

  

 

       

Left Deep tree Right Deep tree
“Bushy” tree

❖ Almost all RDBMSs consider only left and right deep join trees 
Enables easy pipelining! Why? 

❖ “Interesting orderings” idea from System R optimizer paper 
❖ Dynamic program to combine enumeration and costing
“Access Path Selection in a Relational Database Management System” SIGMOD’79
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Overview of Query Optimizer

SQL Query

Logical Query Plan

Physical Query Plan 
(Optimized)

Parser

Plan 
Enumerator

Plan Cost 
Estimator

Optimizer

To Scheduler/Executor

Catalog
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  Costing PQPs

❖ For each PQP considered by the Plan Enumerator, the Plan 

Cost Estimator computes “Cost” of the PQP 
 Weighted sum of I/O cost and CPU cost 
 (Distributed RDBMSs also include Network cost) 
❖ Challenge: Given a PQP, compute overall cost 
❖ Issues to consider: 
 Pipelining vs. blocking ops; cannot simply add costs! 
 Cardinality estimation for intermediate tables! 
 Q: What statistics does the catalog have to help?
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  Costing PQPs

❖ Most RDBMSs use various heuristics to make costing 
tractable; so, it is approximate! 

❖ Example: Complex predicates

 
 

 
Not enough info!

But, most RDBMSs use the independence heuristic!

Selectivity of conjunction = Product of selectivities

Thus, ≈ 0.05 * 0.1 = 0.005, i.e., 0.5%
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  Query Optimization: Summary

❖ Plan Enumerator and Cost Estimator work in lock step: 
 Rules determine what PQPs are enumerated 
  Logical: Algebraic rewrites of LQP 
  Physical: Op. Impl. and ordering alternatives 
 Cost models and heuristics help cost the PQPs  
❖ Still an active research area! 
 Parametric Q.O., Multi-objective Q.O.,  

Multi-objective parametric Q.O., Multiple Q.O., 
 Online/Adaptive  Q.O., Dynamic re-optimization, etc.
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  Query Optimization

❖ Overview of Query Optimizer 
❖ Physical Query Plan (PQP) 
 Concept: Pipelining 
 Mechanism: Iterator Interface 
❖ Enumerating Alternative PQPs 
 Logical: Algebraic Rewrites 
 Physical: Choosing Phy. Op. Impl. 
❖ Costing PQPs
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  Review Question

SELECT COUNT(DISTINCT Date) FROM Ratings

Page size 8KB; Buffer memory 8GB; 8B for each field

Propose an efficient physical plan and compute its I/O cost.

Ratings

Hash-based  
Project on Date

COUNT Aggregate # buffer frames = 1m

Read NR = 20m

Write T to disk Cannot fit hash table on 
T entirely; partition it

Pipeline COUNT with  
deduplication phase

Read 
NT = 4m

Total I/O = 28m pages

NT = 4m

RatingID Stars Date UID MID 20m pages
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  Review Question

Page size 8KB; Buffer memory 8GB; 8B for each field

We are given a clustered AltRID B+ tree index on Date.  
Propose an efficient physical plan and compute its I/O cost.

20m pages

Index on Date

Sort-based 
Project on Date

COUNT Aggregate (Assume RecordID is 8B too)

ProjectionList is prefix of IndexKey 
No GROUP BY; trivial pipelining 

Overall, just one scan of leaf level

Leaf level size = 2 / 5 * NR = 8m pages

SELECT COUNT(DISTINCT Date) FROM Ratings

RatingID Stars Date UID MID
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  Review Question

SELECT COUNT(DISTINCT UID) FROM Ratings

Page size 8KB; Buffer memory 4GB; 8B for each field

Propose an efficient physical plan and compute its I/O cost.

10m pages

Query plan is a Project on UID, followed by counting 
Size of intermediate file T = 2m pages, i.e., 16 GB 
Size of hash table on T: F x 16 GB > 4 GB RAM 

But RAM is enough for regular hash-based Project 
Pipeline counting on top of output of Project 

I/O cost = 10m + 2 x 2m = 14m pages

RatingID Stars Date UID MID
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  Review Question

MID Name Year Director

SELECT AVG(Stars) FROM Ratings R, Movies M  
WHERE  R.MID = M.MID AND  

M.Director = “Christopher Nolan” AND 
R.UID = 1234;

10m pages

100k pages

Page size 8KB; Buffer memory 4GB

Propose an efficient physical plan that does not materialize any  
intermediate data (fully pipelined) and compute its I/O cost.

RatingID Stars Date UID MID
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  Review Question

SELECT AVG(Stars) FROM Ratings R, Movies M  
WHERE  R.MID = M.MID AND  

M.Director = “Christopher Nolan” AND 
R.UID = 1234;

RatingsMovies

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

LQP

�UID=1234

<latexit sha1_base64="NVM6w1SLO7+Sjj1kmyl4F9kmz8w=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyWpBfUgFPWgtwqmFpoQNtttu3SzCbsboYRcvPhXvHhQxKv/wZv/xk2bg7Y+GHi8N8PMvCBmVCrL+jZKC4tLyyvl1cra+sbmlrm905ZRIjBxcMQi0QmQJIxy4iiqGOnEgqAwYOQ+GF3m/v0DEZJG/E6NY+KFaMBpn2KktOSb+66kgxD5qRsiNaQqdW6uMngO7fpxI/PNqlWzJoDzxC5IFRRo+eaX24twEhKuMENSdm0rVl6KhKKYkaziJpLECI/QgHQ15Sgk0ksnX2TwUCs92I+ELq7gRP09kaJQynEY6M78Vjnr5eJ/XjdR/VMvpTxOFOF4uqifMKgimEcCe1QQrNhYE4QF1bdCPEQCYaWDq+gQ7NmX50m7XrMbtbPbRrV5UcRRBnvgABwBG5yAJrgGLeAADB7BM3gFb8aT8WK8Gx/T1pJRzOyCPzA+fwD6t5eX</latexit>

�Director=...

<latexit sha1_base64="ZsNXRFfTBwqYns/1jIV0ztOmHH8=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4vgqiRSUBdCURcuK9gHNCFMppN26CQTZm6EErp346+4caGIW3/AnX/jpO1CWw8MHM65l7nnBIngGmz72yqsrK6tbxQ3S1vbO7t75f2DtpapoqxFpZCqGxDNBI9ZCzgI1k0UI1EgWCcYXed+54EpzWV8D+OEeREZxDzklICR/HLF1XwQET9zIwJDDtkNV4yCVBN8id2+BD3xy1W7Zk+Bl4kzJ1U0R9Mvf5lFmkYsBiqI1j3HTsDLiAJOBZuU3FSzhNARGbCeoTGJmPayaZYJPjZKH4dSmRcDnqq/NzISaT2OAjOZX6wXvVz8z+ulEJ57GY+TFFhMZx+FqcAgcV4M7k+Di7EhhCpubsV0SBShYOormRKcxcjLpH1ac+q1i7t6tXE1r6OIjlAFnSAHnaEGukVN1EIUPaJn9IrerCfrxXq3PmajBWu+c4j+wPr8AbEnm3k=</latexit>

�AVG(Stars)

<latexit sha1_base64="GDjBGpX7RLqidwsl5lQQjfohdCk=">AAACD3icbVA9SwNBEN2L3/ErammzGBRtwp0IaudHoaWiiUIuhLnNJlmye3fszgnhuH9g41+xsVDE1tbOf+NejKCJDxbevjfDzLwglsKg6346hYnJqemZ2bni/MLi0nJpZbVmokQzXmWRjPRtAIZLEfIqCpT8NtYcVCD5TdA7zf2bO66NiMJr7Me8oaATirZggFZqlrb8DigFzdRXgF2B6XHtLKPbP78rBG2ynaxZKrsVdwA6TrwhKZMhLpqlD78VsUTxEJkEY+qeG2MjBY2CSZ4V/cTwGFgPOrxuaQiKm0Y6uCejm1Zp0Xak7QuRDtTfHSkoY/oqsJX5nmbUy8X/vHqC7YNGKsI4QR6y70HtRFKMaB4ObQnNGcq+JcC0sLtS1gUNDG2ERRuCN3ryOKntVry9yuHlXvnoZBjHLFknG2SbeGSfHJFzckGqhJF78kieyYvz4Dw5r87bd2nBGfaskT9w3r8Agr+c+w==</latexit>

PQP

RatingsMovies

Group by  
Easy case

Hash join

Filescan 
Director = …

Filescan 
UID = 1234

Fully pipelined; 
no partitioning 
I/O cost =  
10.1m pages

Hash table size  
< F * 100k * 8KB

Trivially pipelined

8 KB pages; 4 GB RAM
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1b pages

10m pages
Page size 8KB; node has 256GB RAM

Propose an efficient physical plan that does not materialize any  
intermediate data (fully pipelined) and compute its I/O cost.

RatingID Stars Date UID MID
UID Name Age MID Name Year DirectorExample:

SELECT    M.Year, AVG(R.Stars)  
FROM      Ratings R, Movies M, Users U 
WHERE     R.MID = M.MID AND R.UID = U.UID 

   AND U.Age <= 30 
GROUP BY  M.Year

100k pages
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SELECT    M.Year, AVG(R.Stars)  
FROM      Ratings R, Movies M, Users U 
WHERE     R.MID = M.MID AND R.UID = U.UID 

   AND U.Age <= 30 
GROUP BY  M.Year

Users Ratings Movies

�Age30
<latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

�Year ,AVG(Stars)
<latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit>Logical Query Plan

Should we rewrite the LQP?  
How? Why?



47

  Review Question

Users RatingsMovies

�Age30
<latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

�Year ,AVG(Stars)
<latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit> LQP with right deep join tree

What physical op to use for  
each logical op? Pipelined?

Can hash tables fit in RAM?

1b pages

Page size 8KB 
256GB RAM

100k pages 10m pages

< F*10m*8KB 
= 112 GB

= F*100k*8KB 
= 1.12 GB

Both hash tables fit in RAM together; fully pipelined join!

What about this group by?
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  Review Question

Users RatingsMovies

�Age30
<latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

�Year ,AVG(Stars)
<latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit>

1b pages

Page size 8KB 
256GB RAM

100k pages 10m pages

< F*10m*8KB 
= 112 GB

= F*100k*8KB 
= 1.12 GB

What about this group by?
Can the incremental statistics  
of all groups fit in RAM?

How many groups are there?

Need not bother; definitely 
smaller than Movies!

So, hash-based group by aggregate; partitioning not needed
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  Review Question

Users RatingsMovies

�Age30
<latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit><latexit sha1_base64="wO7CxGoQKHnugZo1ItLNEWOu1vM=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSFXRZdeOygr1AE8JketIOnVyYmQglZOPGV3HjQhG3voM738ZJm4W2/jDw8Z9zmHN+P+FMKsv6NipLyyura9X12sbm1vaOubvXkXEqKLRpzGPR84kEziJoK6Y49BIBJPQ5dP3xTVHvPoCQLI7u1SQBNyTDiAWMEqUtzzx0JBuGxMuckKgRU9nVEHLscMBnVu6ZdathTYUXwS6hjkq1PPPLGcQ0DSFSlBMp+7aVKDcjQjHKIa85qYSE0DEZQl9jREKQbja9IsfH2hngIBb6RQpP3d8TGQmlnIS+7ix2lfO1wvyv1k9VcOlmLEpSBRGdfRSkHKsYF5HgARNAFZ9oIFQwvSumIyIIVTq4mg7Bnj95ETqnDVvz3Xm9eV3GUUUH6AidIBtdoCa6RS3URhQ9omf0it6MJ+PFeDc+Zq0Vo5zZR39kfP4ADAyYPw==</latexit>

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

�Year ,AVG(Stars)
<latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit><latexit sha1_base64="0n/IO199/nw/QGhv2vUQ7+JwVLA=">AAACHXicbVBNSwMxEM36WetX1aOXYBEqiOxKQY9VD3pUtK3SLWU2TWtosrsks0JZ9o948a948aCIBy/ivzFbK/j1IPDmvRky84JYCoOu++5MTE5Nz8wW5orzC4tLy6WV1YaJEs14nUUy0pcBGC5FyOsoUPLLWHNQgeTNYHCU+80bro2IwgscxrytoB+KnmCAVuqUqn4flIJO6ivAa4HpFQedbdOv8qBxnFW+inMEbbKtrFMquzvuCPQv8cakTMY47ZRe/W7EEsVDZBKMaXlujO0UNAomeVb0E8NjYAPo85alIShu2unouoxuWqVLe5G2L0Q6Ur9PpKCMGarAduZ7mt9eLv7ntRLs7bdTEcYJ8pB9ftRLJMWI5lHRrtCcoRxaAkwLuytl16CBoQ20aEPwfp/8lzR2dzzLz6rl2uE4jgJZJxukQjyyR2rkhJySOmHkltyTR/Lk3DkPzrPz8tk64Yxn1sgPOG8f+9WjEw==</latexit>
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Final PQP

Filescan
Filescan; select 

Age <= 30

Hash join

./
<latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit><latexit sha1_base64="g+mLwH2atqx7oJ/HY5d3RIyJBHA=">AAAB7nicbZBNSwMxEIaz9avWr6pHL8EieCq7Iuix6MVjBfsB7VKy6bQNzSZLMquUpT/CiwdFvPp7vPlvTNs9aOsLgYd3ZsjMGyVSWPT9b6+wtr6xuVXcLu3s7u0flA+PmlanhkODa6lNO2IWpFDQQIES2okBFkcSWtH4dlZvPYKxQqsHnCQQxmyoxEBwhs5qdSP9hAJ65Ypf9eeiqxDkUCG56r3yV7eveRqDQi6ZtZ3ATzDMmEHBJUxL3dRCwviYDaHjULEYbJjN153SM+f06UAb9xTSuft7ImOxtZM4cp0xw5Fdrs3M/2qdFAfXYSZUkiIovvhokEqKms5up31hgKOcOGDcCLcr5SNmGEeXUMmFECyfvArNi2rg+P6yUrvJ4yiSE3JKzklArkiN3JE6aRBOxuSZvJI3L/FevHfvY9Fa8PKZY/JH3ucPeziPpg==</latexit>

Hash join

Hash-based group by

What is the total I/O cost?

Fully pipelined!  
No intermediate data materialized

= 1010.1 million pages

Just 1 pass over each table

Filescan


