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→

→
R=(R1∪R2) (R1∩R2)→R1

(R1∩R2)→R2
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→
→

→ R=(R1∪…∪Rn)

R1
R=F
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→

→

→ X→Y Rn X
Rn
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bname assets cname loanId amt

Pittsburgh $9M [Andy, DJ Snake] L-17 $1000

Pittsburgh $9M Obama L-23 $2000

Los Angeles $2M Andy L-93 $500

loans(bname,assets,cname,loanId,amt)
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bname assets cname1 cname2 cname… loanId amt

Pittsburgh $9M Andy DJ Snake L-17 $1000

Pittsburgh $9M Obama L-23 $2000

Los Angeles $2M Andy L-93 $500

loans(bname,assets,cname1,cname2,…,loanId,amt)
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loans(bname,assets,cname,loanId,amt)

bname assets cname loanId amt

Pittsburgh $9M Andy L-17 $1000

Pittsburgh $9M Obama L-23 $2000

Los Angeles $2M Andy L-93 $500

Pittsburgh $9M DJ Snake L-17 $1000

✓
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bname → assets
loanId → amt,bname

loans(bname,assets,cname,loanId,amt)

bname assets cname loanId amt

Pittsburgh $9M Andy L-17 $1000

Pittsburgh $9M Obama L-23 $2000

Los Angeles $2M Andy L-93 $500

Pittsburgh $9M DJ Snake L-17 $1000
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loanId bname amt

L-17 Pittsburgh $1000

L-23 Pittsburgh $2000

L-93 Los Angeles $500

bname assets cname loanId

Pittsburgh $9M Andy L-17

Pittsburgh $9M Obama L-23

Los Angeles $2M Andy L-93

Pittsburgh $9M DJ Snake L-17

R1(bname,assets,cname,loanId) R2(loanId,bname,amt)

bname → assets
loanId → amt,bname
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loanId bname amt

L-17 Pittsburgh $1000

L-23 Pittsburgh $2000

L-93 Los Angeles $500

bname assets cname loanId

Pittsburgh $9M Andy L-17

Pittsburgh $9M Obama L-23

Los Angeles $2M Andy L-93

Pittsburgh $9M DJ Snake L-17

R1(bname,assets,cname,loanId) R2(loanId,bname,amt)

bname → assets
loanId → amt,bname
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loanId bname amt

L-17 Pittsburgh $1000

L-23 Pittsburgh $2000

L-93 Los Angeles $500

R2(loanId,bname,amt)

bname → assets
loanId → amt,bname

✓

bname assets

Pittsburgh $9M

Los Angeles $2M

R1(bname,assets)

bname cname loanId

Pittsburgh Andy L-17

Pittsburgh Obama L-23

Los Angeles Andy L-93

Pittsburgh DJ Snake L-17

R3(bname,cname,loanId)
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R F
X→Y F+

→ X→R X
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R

F+

A→B A→R A

A→C A→R A

B→C B↛A B

R(A,B,C)
F = {A→B, B→C}
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R1 R2

R1
A→B A→R1 A

R2
B→C B→R2 B

R1(A,B) R2(B,C)
F = {A→B, B→C}

✓
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R
F

R {R1,…,Rn}
→ {R1,…,Rn}
→
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R F
F+

Result ← R
Ri ∈ Result

→ ∈
↛

→

Ri,1 ← X ∪ Y
Ri,2 ← Ri – Y
Result ← Result - Ri ∪ Ri,1 Ri,2
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→ F+ ← { ssn→name,
ssn→city,
ssn→name,city }

name ssn phone city

Andy 123-45-6789 555-555-5555 Pittsburgh

Andy 123-45-6789 666-666-6666 Pittsburgh

Lil' Fame 987-65-4321 777-777-7777 Brooklyn

Lil' Fame 987-65-4321 888-888-8888 Brooklyn

R(name,ssn,phone,city)
F = {ssn→name,city}
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R
→ ssn→name,city

ssn
phone

→ R ssn→name,city
R1=(name,ssn,city)

R2=(ssn,phone)

name ssn phone city

Andy 123-45-6789 555-555-5555 Pittsburgh

Andy 123-45-6789 666-666-6666 Pittsburgh

Lil' Fame 987-65-4321 777-777-7777 Brooklyn

Lil' Fame 987-65-4321 888-888-8888 Brooklyn

R(name,ssn,phone,city)
F = {ssn→name,city}
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R
→

R={R1,R2}

name ssn city

Andy 123-45-6789 Pittsburgh

Lil' Fame 987-65-4321 Brooklyn

ssn phone#

123-45-6789 555-555-5555
123-45-6789 666-666-6666
987-65-4321 777-777-7777
987-65-4321 888-888-8888

R1(name,ssn,city)
R2(ssn,phone)
F = {ssn→name,city}
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{R1,R2}

→
→

name ssn city

Andy 123-45-6789 Pittsburgh

Lil' Fame 987-65-4321 Brooklyn

ssn phone#

123-45-6789 555-555-5555
123-45-6789 666-666-6666
987-65-4321 777-777-7777
987-65-4321 888-888-8888

R1(name,ssn,city)
R2(ssn,phone)
F = {ssn→name,city}

✓
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R(item,comp,category)
F = {item→comp, comp,category→item}

(item,category)
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item→comp comp,category→item

→

item comp

Basketball Pavlo Inc.

Baseball Bat Pavlo Inc.

item category

Basketball Sports Equipment

Baseball Bat Sports Equipment

R1(item,comp) R2(item,category)
F = {item→comp, comp,category→item}
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item comp

Basketball Pavlo Inc.

Baseball Bat Pavlo Inc.

item category

Basketball Sports Equipment

Baseball Bat Sports Equipment

R1(item,comp) R2(item,category)
F = {item→comp, comp,category→item}

⨝

item comp category

Basketball Pavlo Inc. Sports Equipment

Baseball Bat Pavlo Inc. Sports Equipment

(comp,product→item)
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R
FD

R
{R1,…,Rn} {FD1,…,FDn}

R {R1,…,Rn}

FD
{FD1,…,FDn}
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R F
X→Y F+

→ X→Y
→ X
→ Y
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R F

Fc

Result ← ∅

(X→Y) ∈ Fc
Ri(X,Y) Result

Result
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→ Fc ← {A→B, B→C}

A B C

A1 B_A1 C_B_A1

A2 B_A2 C_B_A2

A3 B_A3 C_B_A3

A2 B_A2 C_B_A2

R(A,B,C)
F = {A→B, B→C}
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R
→ R1(A,B) A→B
→ R2(B,C) B→C

A B C

A1 B_A1 C_B_A1

A2 B_A2 C_B_A2

A3 B_A3 C_B_A3

A2 B_A2 C_B_A2

R(A,B,C)
F = {A→B, B→C}
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R
→ R1(A,B) A→B
→ R2(B,C) B→C

A B

A1 B_A1

A2 B_A2

A3 B_A2

A2 B_A2

B C

B_A1 C_B_A1

B_A2 C_B_A2

B_A3 C_B_A3

B_A2 C_B_A2

R1(A,B) R2(B,C)
F = {A→B, B→C}
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{R1,R2}

R3 A→C ⨝

A B

A1 B_A1

A2 B_A2

A3 B_A3

A2 B_A2

B C

B_A1 C_B_A1

B_A2 C_B_A2

B_A3 C_B_A3

B_A2 C_B_A2

R1(A,B) R2(B,C)
F = {A→B, B→C}

A B C

A1 B_A1 C_B_A1

A2 B_A2 C_B_A2

A2 B_A2 C_B_A2

A3 B_A3 C_B_A3

A2 B_A2 C_B_A2

A2 B_A2 C_B_A2
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{R1,R2}

R3 A→C ⨝

A B

A1 B_A1

A2 B_A2

A3 B_A3

A2 B_A2

B C

B_A1 C_B_A1

B_A2 C_B_A2

B_A3 C_B_A3

B_A2 C_B_A2

R1(A,B) R2(B,C) R3(A,C)
F = {A→B, B→C}

A C

A1 C_B_A1

A2 C_B_A2

A3 C_B_A3✓
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R2(orderId,custId,…)

R1(custId,name,…)

R3(itemId,orderId,…)

⨝

⨝
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⋮
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{
"custId": 1234,
"custName": "Andy",
"orders": [
{ "orderId": 9999,

"orderItems": [
{ "itemId": "XXXX",

"price":  19.99 },
{ "itemId": "YYYY",

"price":  29.99 },
] }

]
}
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SELECT * FROM customers AS c,
orders AS o,
order_items AS oi

WHERE c.custId = o.custId
AND o.orderId = oi.orderId
AND oi.itemId = "XXXX"

db.customers.find(
{"orders.orderItems": "XXXX"}

)

{
"custId": 1234,
"custName": "Andy",
"orders": [
{ "orderId": 9999,

"orderItems": [
{ "itemId": "XXXX",

"price":  19.99 },
{ "itemId": "YYYY",

"price":  29.99 },
] }

]
}
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SELECT * FROM customers AS c,
orders AS o,
order_items AS oi

WHERE c.custId = o.custId
AND o.orderId = oi.orderId
AND oi.itemId = "XXXX"

db.customers.find(
{"orders.orderItems": "XXXX"}

)

custId custName orders

1234 Andy
custId orderId orderItems

1234 9999 orderId itemId price

9999 XXXX 19.99

9999 YYYY 29.99
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