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Background, from Dr. Reid

The Stable Marriage / Stable Matching / Matching Markets Problem
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The Stable Marriage / Stable Matching / Matching Markets Problem

Example

When

Does it make a difference who proposes?
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The Stable Marriage / Stable Matching / Matching Markets Problem

Example

When

When
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Algorithm

From	page	42	of	The	Stable	Marriage	Problem	by	Gus2ield	and	Irving.	MIT	Press.	1989
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Algorithm

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Let’s do it!
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Algorithm

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Initialize residents and hospitals.

All residents are free.
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r1: 
Provisionally assigning r1 to hospital h3.

Processing resident r2: 
Provisionally assigning r2 to hospital h1.

Processing resident r3: 
Provisionally assigning r3 to hospital h4.

Processing resident r4: 
Provisionally assigning r4 to hospital h3.

Processing resident r5: 
Provisionally assigning r5 to hospital h1.

Match:
(r1, h3)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r1: 
Provisionally assigning r1 to hospital h3.

Processing resident r2: 
Provisionally assigning r2 to hospital h1.

Processing resident r3: 
Provisionally assigning r3 to hospital h4.

Processing resident r4: 
Provisionally assigning r4 to hospital h3.

Processing resident r5: 
Provisionally assigning r5 to hospital h1.

Match:
(r1, h3)
(r2, h1)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r1: 
Provisionally assigning r1 to hospital h3.

Processing resident r2: 
Provisionally assigning r2 to hospital h1.

Processing resident r3: 
Provisionally assigning r3 to hospital h4.

Processing resident r4: 
Provisionally assigning r4 to hospital h3.

Processing resident r5: 
Provisionally assigning r5 to hospital h1.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r1: 
Provisionally assigning r1 to hospital h3.

Processing resident r2: 
Provisionally assigning r2 to hospital h1.

Processing resident r3: 
Provisionally assigning r3 to hospital h4.

Processing resident r4: 
Provisionally assigning r4 to hospital h3.

Processing resident r5: 
Provisionally assigning r5 to hospital h1.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r1: 
Provisionally assigning r1 to hospital h3.

Processing resident r2: 
Provisionally assigning r2 to hospital h1.

Processing resident r3: 
Provisionally assigning r3 to hospital h4.

Processing resident r4: 
Provisionally assigning r4 to hospital h3.

Processing resident r5: 
Provisionally assigning r5 to hospital h1.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)

Wow…	this	is	really	easy!	I	bet	it	never…
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r6: 
Provisionally assigning r6 to hospital h4.
Hospital h4 is full. Finding worst resident assigned 
to hospital h4.
   Considering r8. (no), Considering r6. (yes)
   Removing all residents after r6 from
   hospital h4's list: 
   Deleting (h4, r8): Removing hospital h4
      from resident r8's list. 
      Removing r8 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)

Oh.
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r6: 
Provisionally assigning r6 to hospital h4.
Hospital h4 is full. Finding worst resident assigned 
to hospital h4.
   Considering r8. (no), Considering r6. (yes)
   Removing all residents after r6 from
   hospital h4's list: 
   Deleting (h4, r8): Removing hospital h4
      from resident r8's list. 
      Removing r8 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)

Never	mind.	I	see	it	now.
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r6: 
Provisionally assigning r6 to hospital h4.
Hospital h4 is full. Finding worst resident assigned 
to hospital h4.
   Considering r8. (no), Considering r6. (yes)
   Removing all residents after r6 from
   hospital h4's list: 
   Deleting (h4, r8): Removing hospital h4
      from resident r8's list. 
      Removing r8 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r7: 
Provisionally assigning r7 to hospital h2.

Processing resident r8: 
Provisionally assigning r8 to hospital h1.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)
(r7, h2)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r7: 
Provisionally assigning r7 to hospital h2.

Processing resident r8: 
Provisionally assigning r8 to hospital h1.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)
(r7, h2)
(r8, h1)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r9: Hospital h4 is full.
Finding worst resident assigned to hospital h4.
   Considering r6. (yes)
   Bumping r6 from hospital h4. 
Provisionally assigning r9 to hospital h4.
Hospital h4 is (still) full. Finding worst resident 
assigned to hospital h4.
   Considering r6. (no) Considering r3. (yes)
   Removing all residents after r3 from 
   hospital h4's list: 
      Deleting (h4, r6): Removing hospital h4
      from resident r6's list. 
      Removing r6 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)  (make	room	in	h4	for	r9)
(r7, h2)
(r8, h1)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r9: h4 is full
Finding worst resident assigned to hospital h4.
   Considering r6. (yes)
   Bumping r6 from hospital h4. 
Provisionally assigning r9 to hospital h4.
Hospital h4 is (still) full. Finding worst resident 
assigned to hospital h4.
   Considering r6. (no) Considering r3. (yes)
   Removing all residents after r3 from 
   hospital h4's list: 
      Deleting (h4, r6): Removing hospital h4
      from resident r6's list. 
      Removing r6 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4)
(r7, h2)
(r8, h1)
(r9, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r9: h4 is full
Finding worst resident assigned to hospital h4.
   Considering r6. (yes)
   Bumping r6 from hospital h4. 
Provisionally assigning r9 to hospital h4.
Hospital h4 is (still) full. Finding worst resident 
assigned to hospital h4.
   Considering r6. (no) Considering r3. (yes)
   Removing all residents after r3 from 
   hospital h4's list: 
      Deleting (h4, r6): Removing hospital h4
      from resident r6's list. 
      Removing r6 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4) (r6	is	still	unassigned)
(r7, h2)
(r8, h1)
(r9, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r9: h4 is full
Finding worst resident assigned to hospital h4.
   Considering r6. (yes)
   Bumping r6 from hospital h4. 
Provisionally assigning r9 to hospital h4.
Hospital h4 is (still) full. Finding worst resident 
assigned to hospital h4.
   Considering r6. (no) Considering r3. (yes)
   Removing all residents after r3 from 
   hospital h4's list: 
      Deleting (h4, r6): Removing hospital h4
      from resident r6's list. 
      Removing r6 from hospital h4's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h4) (r6	is	still	unassigned)
(r7, h2)
(r8, h1)
(r9, h4)



30

The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r6: 
Provisionally assigning r6 to hospital h3.
Hospital h3 is full. Finding worst resident assigned 
to hospital h3.
   Considering r10. (no), Considering r1. (yes)
   Removing all residents after r1 from 
   hospital h3's list: 
      Deleting (h3, r10): Removing hospital h3 
      from resident r10's list. 
      Removing r10 from hospital h3's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3) (r6	now	reassigned)
(r7, h2)
(r8, h1)
(r9, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r6: 
Provisionally assigning r6 to hospital h3.
Hospital h3 is full. Finding worst resident assigned 
to hospital h3.
   Considering r10. (no), Considering r1. (yes)
   Removing all residents after r1 from 
   hospital h3's list: 
      Deleting (h3, r10): Removing hospital h3 
      from resident r10's list. 
      Removing r10 from hospital h3's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r6: 
Provisionally assigning r6 to hospital h3.
Hospital h3 is full. Finding worst resident assigned 
to hospital h3.
   Considering r10. (no), Considering r1. (yes)
   Removing all residents after r1 from 
   hospital h3's list: 
      Deleting (h3, r10): Removing hospital h3 
      from resident r10's list. 
      Removing r10 from hospital h3's list. 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r10: 
Provisionally assigning r10 to hospital h1.
Hospital h1 is full. Finding worst resident assigned 
to hospital h1.
   Considering r2. (yes)
   Removing all residents after r2 
   from hospital h1's list: 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r10: 
Provisionally assigning r10 to hospital h1.
Hospital h1 is full. Finding worst resident assigned 
to hospital h1.
   Considering r2. (yes)
   Removing all residents after r2 
   from hospital h1's list: 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)

cc
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r10: 
Provisionally assigning r10 to hospital h1.
Hospital h1 is full. Finding worst resident assigned 
to hospital h1.
   Considering r2. (yes)
   Removing all residents after r2 
   from hospital h1's list: 

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r11: 
Provisionally assigning r11 to hospital h5.
Hospital h5 is full. Finding worst resident assigned 
to hospital h5.
   Considering r9. (no), Considering r11. (yes)
   Removing all residents after r11 
   from hospital h5's list: 
      Deleting (h5, r9): Removing 
      hospital h5 from resident r9's list. 
      Removing r9 from hospital h5's list.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)
(r11, h5)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r11: 
Provisionally assigning r11 to hospital h5.
Hospital h5 is full. Finding worst resident assigned 
to hospital h5.
   Considering r9. (no), Considering r11. (yes)
   Removing all residents after r11 
   from hospital h5's list: 
      Deleting (h5, r9): Removing 
      hospital h5 from resident r9's list. 
      Removing r9 from hospital h5's list.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)
(r11, h5)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

Processing resident r11: 
Provisionally assigning r11 to hospital h5.
Hospital h5 is full. Finding worst resident assigned 
to hospital h5.
   Considering r9. (no), Considering r11. (yes)
   Removing all residents after r11 
   from hospital h5's list: 
      Deleting (h5, r9): Removing 
      hospital h5 from resident r9's list. 
      Removing r9 from hospital h5's list.

Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)
(r11, h5)
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The Stable Marriage / Stable Matching / Matching Markets Problem

Variation: Hospitals and Residents — Example

Resident Preferences:
   r1: h3 h1 h5 h4
   r2: h1 h3 h4 h2 h5
   r3: h4 h5 h3 h1 h2
   r4: h3 h4 h1 h5
   r5: h1 h4 h2
   r6: h4 h3 h2 h1 h5

Hospital Preferences:
   h1 (capacity 4): r3 r7 r9 r11 r5 r4 r10 r8 r6 r1 r2
   h2 (capacity 3): r5 r7 r10 r6 r8 r2 r3 r11
   h3 (capacity 3): r11 r6 r8 r3 r2 r4 r7 r1 r10
   h4 (capacity 2): r10 r1 r2 r11 r4 r9 r5 r3 r6 r8
   h5 (capacity 1): r2 r4 r10 r7 r6 r1 r8 r3 r11 r9

   r7: h2 h5 h1 h3
   r8: h1 h3 h2 h5 h4
   r9: h4 h1 h5
   r10: h3 h1 h5 h2 h4
   r11: h5 h4 h1 h3 h2

No residents are free.

Final Stable Match:
(r1, h3)
(r2, h1)
(r3, h4)
(r4, h3)
(r5, h1)
(r6, h3)
(r7, h2)
(r8, h1)
(r9, h4)
(r10, h1)
(r11, h5)
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Final Project

The Stable Marriage / Stable Matching / Matching Markets Problem 

Part one:  (70 points) 
Implement the Hospital and Residents variation as shown here. 

• Test your code on this data, Make sure your results match mine. 
• Then test your code on your own data and make a case that it’s 

correct. 

Part two:  (20 points) 
Implement a variation on the Hospital and Residents variation 
where to hospitals do not rank residents but residents still rank the 
hospitals. 

• Define what “stability” means in this context. 
• Then test your code on your own data and make a case that it’s 

correct. 

See the final project assignment on our class web site for additional 
details (like the remaining 10 points).

https://www.labouseur.com/courses/algorithms/final-project.pdf

