
[]= Optional - Returns all rows from - Records made up of multiple fields
SELECT (DISTINCT] <Columns both tables

, matching rows - fixed length records are when field lengths
FROM stables are combined ,

non are consistent

(WHERE <predicates] Ex : Students (sid integer PRIMARY KEY,
matching rows appeary a enrolled boolean,[GROUP BY < columns)] nu

CHAVING <predicates] SQL Tips grad_yr integer);
CORDER BY < columns> (DESC/AS(]]

- No aggregates in WHERE Record1 = 1234/True/2023
[LIMIT <amount >]

- Use HAVING only with Storing FLRs
Logical Processing Order

-
GROUPBY,UseWHEREOther

T
- packed : no gaps between records, records

1. FROM <tables - table we are only placed continuously one after the other

drawing data from
SELECT aggregate columns

- unpacked : allows gaps between records, use
-

SQL-Single Table Queries

I
FULL JOINS Fixed Length Records

1 Ock

-

2.WHERE <pred--only keep rows
Or columns in the GROUP BY. a bitmap to keep track of where the gaps

where <pred is satisfied
-D ISTINCT removes all duplicate are .

3. GROUP BY <columns > -group
rows VariableLength Records

together rows by their values Page/Record Formats
- field lengths not consistent

of scolumns>
-Tables are stored as logical

- record lengths not fixed
4. HAVING spreds- Only keep files consisting of pages ,

each Ex : Students (sid integer PRIMARY KEY,
groups that satisfy <pred> of which contains a collection name text, grad_yr integer);

5. SELECT <columns > - select of records. Record1 = 1234/Ben 12023
columns to keep

6. DISTINCT-keep only distinct Pages and
Io

aged Storing VLRs
rows - in memory by the buffer - Each record contains a recordheader
1.ORDER BYSomSDEST manager : higher levels of - Variable length fields are placed after fixed

database only operate in length fields
<columns>

,
ASC by default memory

- Record header stores field offset indicating
8. LIMIT <amounts - limit output - in disk by the disk space

where each variable length field ends.
to the first camounts rows

manager : reads and writes
Pages

Columns can only be selected
pages

to physical disk/files
Page header-portion of each page reserved
to keep track of the records in the page.if they are part of the -The unit of accesses to
#records in page (4B)GROUP BY clause or it's an physical disk is the page.

aggregate (AVG,
MIN, MAX,SUM, -cannot fetch fractions

-

Pointerto segment
of free space inte a

COUNT, etc.) of a page. - bitmap indicating which parts of the page
- I/0 : unit of transferring a

are in use

LIKE can be used for <preds page of data between memory Accessing Disk SSDs have limited

-

: Any single character and disk /read or write 1 seek time = 2-3 m/s I erasures for writes
rot delay =0-7 m/s

%: zero or more characters
page = 1 I/0. transfer time = 0.25 m/s

LIkE "exp' , LIKE % % 2%
'

,
etc .

Data Types Locking
S lock-lets a transaction read a resource . Many

INNER JOINS Fixed or Var ? Data Type Size transactions can holds locks on a resource

- Return rows where the ON Fixed Integer 4 B at once
.

Fixed float 4 B X lock-lets a transaction modify a resource. No other

condition is true Fixed boolean IB transaction can have any type
of lock while

LEFT AND RIGHT JOINS Fixed Char (20) 20B a transaction has an X lock .

Fixed byte IB
Each row in the left table Variable +ext c = OB

# conflicting lock
, pause and wait until the other

transaction releases the conflicting lock
.

appears ,
with any matching Variable varchar(20) =20B

Deadlock is when a bunch of transactions are waiting
rows in the right table 1 bit for every field that on each other in a cycle

can be nul round to bytes . Deadlock avoidance : T wants a lock but is holds a conflicting

wait-die : if i, higher priority, 5. waits for ic to release lock.

Vice Versa for Right Joins Ptr= Y bytes it i, lower priority, i, aborts

wound-wait: ifT
, higher priority, it causes 12 to about

if i ,
lower priority, it waits for i to finish

View Serializability Priority by age
: now-start time

Deadlock Detection: Build graph ,
mode per transaction,

if
View Serializability & Conflict Serializability & Serializability. ↑ holds a lock that conflicts with the lock that I wants

,I

- ConflictSerializability but blind writes can be reordered . add edge from Tz to T
, Cycle indicates deadlock. About one to

end deadlock.
- Blind writes : writes with no reads in between.

Checks : O same initial reads - same transaction reads the initial value of each resource.

②Same dependent reads - each read t its value from the same transaction
in both schedules. IfTI reads from T29'write in S1,

it must do the same in S2.

③Same winning writes -same transaction writes the final value of each resource.

Phantom Problem is when the same query returns different rows within the same

transaction due to concurrent insert/delete.



VLRs : Slotted Pages Indices Data Storage
-DS that allows for fast-more page header to be Alt 1 : store actual records

a footer to allow lookup on a search keyspace Alt2 : store key, recordinafor records to grow
- lookup can be equality ,

ID
,
ID

,

Alt 3 : store key, list of matchingetc.-store length and pointer
to start of each record - search key is a subset of record IDs>

in footer (4B each) columns RecordID is page #,
slot #

- Store #slots and per to -

may store pointers to heap Actual record contains key
free space file (key, record (D) or entire

Clusteringrecords
Deleting Records -Clustered index : actual data isB + trees O(h) to find key

roughly sorted in order of search- Unpacked Layout : nothing - Leaf nodes contain data
keychanges, but there is empty entries (key ,

record (D)
- inner nodes correspondslot - Inner modes are only for to leat nodes on left and

- can lookup ,
left is<

, right is =cause fragmentation so on

- 2 free bytes in one-d = order of tree - 1 1/0 per page of records
- Each node contains up toplace, I more else.

- Unclustered index : data not in
Since slots are kept, 2d values order of search key
cannot insert 4 byte - Height = #of pointers from - 11/0 per record
record. root to a leaf node.

Cost to full scan B+ tree
- Packed Layout : slot removed, - Max fanout =2d +1

= # data pagesrecord length, per pair removed
,

- Occupancy T-uvariant : every
free space per updated,

slot inner node (except root) Disk us Memorycount decreases must be at least half

File Disk-slow
,
lot of spacefullOrganization

Memory-fast, limited space- Heap file is a file w/ no
-

may also add sibling ptrs
leaf nodesbetweenorder enforced. Records are Read/Writes - in memory

placed arbitrarily across pages Insertion Use Disk for data pages not
-Sorted file is sorted on a 1.

. Find correct leaf ( needed immediately
key (subset of the fields) 2.Put data entry into Buffer ManagerImplementing Heap Files 3.If enough space ,

done !

-manages which pages are
Else

, split into
I modes

memoryin- Linked list : each page has loaded
& and d+ 1 entries .with are read-controls when pages2 ptrs : free space and data .

4. Copy leftmost entry of from and written to diskYou have I linked lists of
- decides pages to evict basedright child to parent nodepages , both connected to a

on page replacement policy
and add references.header page .

Replacement Policies5. If inner mode full
, split- List of full pages

LRU-evict least recently usedin 2 and pash middle-List of pages w/ free pages, good when certain pagesval upspace . are popular.

Clock-arrange frames in circle.Max # data entries :
- Page directory : linked list of Pass in a circle

,
it ret bit is2d . (2d+ 1)

"

set to 0
,
if its O , you can evictheader pages. Each entry of in up

If its pinned just skip it.node maxa header page contains a ptr
if hit.Do not move closh handcap fanoutto a data page, and amt of

free space for the data page. Bulk loading MRU-evict most recently used
page, good for sequential scansWhen fill factor exceeded,

add
If implementation given ,

include to parentmode, and create new

Spatial Indexes OllogN)1/0 cost of reading/writing the node and add there also.
If

inner mode full (not fill factor), splitfile's header pages K-d trees-used to performand send up middle val
. Adjust2 I/0s per modified page nearest neighbor and rangeptrs as needed.

queries over high dimensional
data. Partitions points into2 Phase Locking (IPL) sep boxes. Nearest neighbor

~ From start to until a lock is released
,
the boxessearchinginvolvessearch

tclose to the query poin1 astransaction only acquires locks. Then until the end
,

· ·

it only releases locks . ·L9R

Cascading aborts can occur if a transaction reads an
XIUX D ⑧UXDuncommitted values which are later aborted

. All transactions
x2·that directly or indirectly read its data must also about. Y5Y2

LBLR23m2locks to be · ·

Strist 2PL avoids this by only allowing 15 683

⑧released atthe end of the transaction, when
it commits

.

y5y4



NLJs : Will sheck

it right. has Next

store rightRecord
,

compare to left,
it 0

,
L . concat(r)

else it left has
more

, advance left,
reset right.

else
,return null

10 Cost= Sort R + sortS-[R]- [S]

-
B - 1

runs

2nd term =

total # passes

3 [R] + 2 (R] foreacha
pass

- always closed (always returns
relation(

beforFrity atte
-> commutative

index on S

- At each pass, you
write all the orig

pages to disk + B-1 pages per partition.
- Partition is cong when1B pages while being

read. Write it out, and don't read it next time.

IRI



Apply selectivity on
leat modesSet Difference (f) : R-S returns Selectivity Estimation elinger Optimizer

R but with any tuple
that appears Plan Space : Only left deep trees,Selectivity-fraction of tuples avoid joins with no join couldS removed.Only defined when Rin

satisfying a predicate (0 to 1)and I have the Search Algorithm : Dynamic Prog.same attributes
- EXCEPT - default is to Left Deep : ((AmB)nC) nD

- Assume data is uniformly ACross Product (x) : RXS returns a Runtime : O(n .2")
rangedistributed across the

relation with a tuple (r. s) for every ↓ Interesting Order:of values it takes ontuple r in R and every tuples
in S.

different If query has ORDER
- Defined even when Rands haveAssume predicates on > BY

,
GROUP BY

,
or a JOINeachcolumns are independent ofdiff attributes Rx(SUT) =(Bx3) U

other later
,might be worth11(RxT)Compound Operators : thatto sort by- Predicates on the same A B attribute now-column are often dependent Drop plans it no join cord.

like X10 and x >20 ·
Intersection (1) : R1S returns a

relation that has only tuples Pass 1 : For each (relation,
appearing in both R and S . interesting order) pair, find minLet k) = # of distinct values in

cost access method .

- Only defined when R and S column C

Drop plans if they don't havehave the same attributes
.

If you
have index on column, assume

order AND it'san interesting- Equal to R- (R-S) not the cheapest of the relation
you know (c)

, max(c), min(1)
Pass i : For each (subset of sizeTheta Join (Np) : RoS returns the # output tuples/records =
↑ of relations

, interesting order),inner join of R and S on the join
condition & find min cost access method.L(selectivity) (total # of tuples)

- Equal to 00 (RXS) don't haveDrop plans if they
an interesting order AND it's not

Pred Selectivity

↓

- R INNER JOINS ON O the method for thecheapest
↓C=v ordersexpire ,

if interestif you know 14 subset. Interesting comes from S . X =T. x butNatural Join (A) : RAS returns 14) &
Youarthe natural join of R and S, &A,

B3 = &B, A3 but A BNLJB
S & T

S

which is on every column with the diffandXMAX (11) , 121)
ifyou B BNLJ A might have(1= (2 Isame name. costs

.

know both
-

UR
.2012 = S. col1 ...

R
. cOIN= S

.

coin(RXS) Transactions↑ il if you know one

Collections of operations that areGroup by / Aggregation (U) :
<V a single logical unit.v-min(c)-Ucol , COUNT(*) >2(R) returns R grouped - We want all operations to happen

at once.max(c) -min(c) + 1integerby201 ,
and filters groups that don't

Atomicity - All operations in a transhave COUNT(+) > 2 max(c) - v>V happen or none of them.

Umax(01) (R) returns max over Ron
integer Consistency - Transaction must leave DB201 max(c) -min(c) + 1

in a state that satisfies all rules of
the DB- Ucol

,AVG(2012) , COUNT(#)>2(R)
is the v- min(c) + 1=V

Isolation - If two transactions run
same as SELECT col

, AUG(c012) FROMM integer concurrently, they shouldn't interferemax(c) -min(c) + 1 w/ each other.GROUP BY col

Durability - A committed transactionHAVING COUNT(H) > 2 (2= V max(c) - v + 1 should persist.

OptimizationQuery integer max(c) -min(c) + 1 Commit-successful transaction (age)
Abort - unsuccessful (revert changes)Naive plan : scan A

,
scan B ,join, select

c) = V max(c) - vAlternate plans : Serializability
in which operations ofSchedule-order& Push selections/projections down float max(c) - min(c)

a set of transactions are executed.

t he tree ·

Serial Schedule-every transactions
14 = V

runs start to finish without interlea-③ Materialize intermediate v - min (c)
ving.relations(write to a temp file) float Equivalent schedules involve samemax(c) - min(c)

final state is the same
, andtransactions

,③ Use indices Only SNLJ
,
INLJ

,
and SMJ

each transaction has the same order of
preserve interesting orders.I ops in both.p2 S(p1) · S(p2)BNLJ/PN15 PEANIdent Isolation -> schedule is equivalent to aIIf~ on left relation, pushing down serial schedule.

p1 OR p2 S(p1) +S(p2)-S(p1AND p2) We chesk it schedules are conflicthelps, otherwise doesn't help.
serializable.If materialized

, pay write cost
once

,

Conflict if$ At least one operation isNOT p I - S(p)but reduced size for future scans. write

② diff transactions
Y

Total Lost = scan costs + materialize
with 1 mode perfed

.

Build a graph ③ work on same resourcecost+ join cost of pages that are inIf an operationtransaction.

SI haveConflict Equivalent : LetPlan Space= Set of plans considered T conflicts w/ an operation
conflict where T

,
R(B) comes beforeby Optimizer inTj , and the op in Ti comes TzW(B) .

Then S2 will also have T
, R(B)Cost estimation : 10 cost per plan first

,
add an edge from Ti to

before T2W(B). This must apply for

Tj . All conflict serializable schedulesSearch Algorithm - how toofficienta all conflicts.
have an acyclic dependency graph. I conflict equivalent to serial
Just check for cycles. Schedule ->Conflict serializable



2PC Optimization
ABORT in absence of information is called presumed
abort

.

Presumed Abort : Assume that a transaction abouts
if we have no log records.

When a transaction aborts,

① Coordinator clears up locally,

and can remove

transaction from table without ACKs
.

② Participants that receive ABORT messages don't send

ACKs
.

③ If participants don't hear from Coordinator about

status
,

send inquiry. If transaction not in coordinator's

transaction table
,

return ABORT
.

④ Participant IDs do not need to be stored in about

records /since we aren't waiting for ACKs.

⑤ About records do not need to be flushed (if we

crash
,

and don't see an about record
,

we still assume

it aborts)
.

2PC Blocking
When a node goes down during Phase I

, any participant

that voted yes,
has to keep locks

, waiting for commit/about

message .

↑f a participant doesn't recover after
-

coordinator sends COMMIT message,

coordinator respawns

participant ,
recovers from log and continues. If the old

instance comes up,
tell it to recycle itself.

If the coordinator doesn't recover
,

use Paxos

Paxos
Phase I (Election) :

- Proposer picks a ballot id
.

- Ballot id must be unique per proposer and higher
than any ballot id seen so far

- Proposer sends PREPARE (ballot-id) to all participants
- Each participant keeps track of highest ballot id

received so far (max-bid)
- If participant has already received a higher ballot id

(max-bid > Ballot-id) do nothing
- Else

,
write ballotid to log and flush log record to disk.

- Send PROMISE(ballot-id) back to proposer
- If already sent an ACCEPT(old-ballot

, value) where ballotid
> old-ballot

, then send PROMISE (ballot-id
, Cold-ballot, value)

- It majority respond PROMISE (ballotrid)
,

then proposer is

the new leader
- If majority respond PROMISE (ballot-id

,
(old-ballot, v)) :

-select v with highest old-ballot value as the

proposed value v in phase 2
.
Still use ballot - id though

Phase 2 (Proposal) :

- Leader sends proposed value v by Sending PROPOSE(ballotid
,I

& 1) to all participants
- If a participant has already received a higher ballot id

(max-bid > ballot-id),
do nothing.

ntry includes
- Else

,
write ballot-id to log and flush log record to disk

all participant IDs.
- Send ACCEPT(ballotid

, v) to proposer
In Phase 2

,

the coordinator sends either a commit
Phase 3 (Decision) :

or about message to all participants. Each participant
-Iflogs and flushes a COMMIT or ABORT record to its leader hears a majority of ACCEP(ballot-id, v) :

- Writes ballot-id to log and flush log record to diskown log. Then
, they execute it and send acknowledgement

to the coordinator.
everyone know the decision by broadcasting- Lets

COMMIT(ballot
-

id
,
v)

In Phase 2
,
after all participants have acknowledged ,

- Participants can now act on v
.

the coordinator logs an END record to its log and removes - If no such majority exists
,

then the round failed and

the transaction from the transaction table. The END
a new leader was chosen

log record is eventually flushed
,
but doesn't have to- If there was a majority, any subsequent round chooses

~ as the consensus valuebe flushed immediately .

N = # of nodes/machines
2PC Handling Failures

N22F + 1 to tolerate F failures,
nodes fail by stopping

- Assume all machines eventually recover.

Requirements :

If the coordinator thinks a participant went down : & Safety : Only a proposed value is chosen
,
and only one value

is ever chosen① If the participant didn't vote yet,
ABORT

- Majority = F + 1
,
if I nodes fail

,
at least I node lives and

② It waiting for acknowledgement, perform recovery the accepted value and will include it in futurecarries

PROMISES.

& Liveness : Replicas eventually converge
to an agreed upon value·

If a participant thinks the coordinator went down:
③ If Nc2F+ 1

, then no guarantees,
too many

failures for Paxos
① If PREPARE record not logged ,

vote NO (abort) to work.

② If PREPARE record logged, perform recovery
Livelock

2PC Recovery When two proposers keep outbidding each other with

If there is a COMMIT/ABORT record
, execute the higher ballot ids so no progress is made

-

decision. If it's the coordinator
,
it still has the

Solution :

participant IDs
,

so it keeps sending COMMIT/ABORT
Dedicate a fixed leader as the only proposer.until its acknowledged. - Elect through Paxos or other algorithm

- Elect new leader when leader dieskrashesIf there is a PREPARE record
,

but no COMMIT/ABORT,
- Essentially, Skip phase 1 of Paxosit's a participant. The participant sends a message to

the coordinator asking for the status of the

Paxos Loggingtransaction .

If there are no log records
,

as a participant,
about On PROMISE : participant logs and flushes ballot id

On ACCEPT : participant logs and flushes ballotid and vthe transaction
, since you never voted YES. If you

receive YES/NO messages ,
its the coordinator, which When majority accepts : proposer logs and flushes ballot id

should respond with ABORT
. and



↓ tition
,

the master
can recompute the lost partition from the lineage.
Spark programs consist of :

① Transformations (map,
reduce By Key,Join,

flat Map,
filter

, group By key,

union
, cogroup, cross Prod

on e uct)
- take an RDD and produce a new

- describe what to do
,

but don't actually do it (lazy)
- Operator tree constructed in memory instead

&Actions (count ,
reduce

,
save

,
collect)

- actually trigger execution and return a result

leager)
- runs operator tree

RDD < T >: RDD collection of type T

- partitioned,
recoverable through lineage,

not nested

SEQST) : Sequence of type T
, local to a server, can be nested


