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Why	food	recommendation	is	interesting	?

Food	choice	is	multifaceted,	
multilevel,	contextual,	
dynamic,	integrated	and	

diverse
-Jeffery	Sobal



• Capturing user’s preference on food related 
aspects.

• Identifying coherent content and context 
information. 

• Getting access to standardized food and 
nutrition data. 

• Representation of Food Data

• Mapping health on recommendations.
• Measuring healthiness of food item. 
• Measure user’s nutrient requirement. 

• Diversity

• Coverage 

• Pursue user to choose healthier options. 

• Achieve continuous and regular  user 
engagement. 

Core	Challenges	in	Food/Recipe	Recommendation	Domain



What	is	a	recipe?



Recipe	is	a	Story	:	Document

Title:	Yummy	mashed	potatoes
Ingredients:	butter,	cream,	potatoes,	salt	and	pepper

Instruction	:	cook	potatoes	in	bowling	water	until	tender	but	still	firm,	In	a	small	
saucepan	heat	butter	and	cream	at	low	heat.	Using	a	potato	masher	slowly	
blend	cream	mixture	into	potatoes.	Season	with	salt	and	pepper	to	taste.



Frequency	Count	:

Occurrence	of	
terms	in	each	
document	

Terms Frequency

Potatoes 4

saucepan	 1

heat 2

title	 1

…..

in 2

salt 2

tender 1

a 2

How	RS	reads	a	recipe?



Bag	of	word	representation	

Title:	Yummy	mashed	potatoes
Ingredients:		potatoes,	butter,	cream,	salt	and	pepper

Instruction	:	cook	potatoes	in	bowling	water	until	tender	but	still	firm,	In	a	small	saucepan	
heat	butter	and	cream	at	low	heat.	Using	a	potato	masher	slowly	blend	cream	mixture	into	

potatoes.	Season	with	salt	and	pepper	to	taste.

a in potatoes salt low Sauce	pane but masher blend

2 2 4 2 1 1 1 1 1

Recipe 1	



Hundreds	of	thousands	of	Documents	:	Recipe	Corpus	

Title:	Irish	stew	
Ingredients:	chuck	lamb	stew	meat,	parsnips,	broth,	russet	potatoes		Instruction	

:	cook	potatoes	in	bowling	water	until	tender	but	still	firm,	In	a	c	
c	small	saucepan	heat	butter	and	cream	at	low	heat.	Using	a	potato	masher	

slowly	blend	cream	mixture	into	potatoes.	Season	with	salt	and	pepper	to	taste.
Title:	Gunnies	beef	pie

Ingredients:	flour,	beef,	gunnies,	butter,	salt	,	celery	,	beef	stock	,	carrot	
Instruction	:	cook	potatoes	in	bowling	water	until	tender	but	still	firm,	In	a	

choppmall saucepan	heat	butter	and	cream	at	low	heat.	Using	a	potato	masher	
slowly	blend	cream	mixture	into	potatoes.	Season	with	salt	and	pepper	to	taste.

Title:	Yummy	mashed	potatoes
Ingredients:	butter,	cream,	potatoes	salt	and	pepper

Instruction	:	cook	potatoes	in	bowling	water	until	tender	but	still	firm,	In	a	small	
saucepan	heat	butter	and	cream	at	low	heat.	Using	a	potato	masher	slowly	
blend	cream	mixture	into	potatoes.	Season	with	salt	and	pepper	to	taste.



Recipe	1,	2,	3

Bag	of	word	representation	

a in potatoes salt low saucepan	 but beef lamb

R1 2 2 4 2 1 1 1 0 0

R2 9 5 0 4 0 4 0 2 0

R3 6 4 3 3 0 2 0 0 3



Recommending	recipes		

a in potatoes salt low saucepan	 but beef lamb

R1 2 2 4 2 1 1 1 0 0

R2 9 5 0 4 0 4 0 2 0

R3 6 4 3 3 0 2 0 0 3



Understanding	the	relevance	weight	

a in potatoes salt low saucepan	 but beef lamb

R1 2 2 4 2 1 1 1 0 0

R2 9 5 0 4 0 4 0 2 0

R3 6 4 3 3 0 2 0 0 3



Document	Frequency:	Occurrence	of	terms	over	
entire	corpus

Terms Frequency

Potatoes 7

saucepan	 7

heat 9

Title	 3

…..

in 11

salt 9

tender 1

a 17



a in potatoes salt low saucepan	 but beef lamb

R1
0.493 0.871 2.296 1.045 1.477 0.632 1.477 0 0 0 0 0 0

R2
2.220 2.178 0.574 2.091 0 2.528 0 0 0 2.352 0 0 0

R3
1.480 1.742 1.722 1.568 0 1.264 0 0 0 0 0 0 3

a in potatoes salt low saucepan	 but beef lamb

R1 2 2 4 2 1 1 1 0 0

R2 9 5 0 4 0 4 0 2 0

R3 6 4 3 3 0 2 0 0 3

Tf-Idf Matrix		

Frequency	Matrix		



• 10,661 ingredients
• 230,872  recipes 



It	Feels	Like	Everything	has	been	Figured	Out	!
But	just	not	yet	!

Considering only highly frequent ingredients  ? 



Core	contents	
around	Food	What	information	are	relevant	to	Food	Recommender?	



Topic	Modeling

Topic	models	aim	to	discover	the	latent	semantic	structure	or	
themes	within	a	corpus	of	documents,	which	can	be	derived	

from	co-occurrences	of	words	across	the	documents.
-Mark	Belford	



A	topic	model	typically	consists	of	k	topics,	each	represented	
by	a	ranked	list	of	strongly-associated	terms	(often	referred	to	

as	a	“topic	descriptor”).

Topic	Model



potatoes saucepan	 coco beef lamb
Topic1 6 .07 0 7 0

Topic2 6 1 0 0 4

Topic3 0 1 2 0 0

Topic1 Topic2 Topic3
R1 .5 0 0

R2 0 0 0

R3 .7 0 0.002

R4 0 0 0

R5 0 0.3 0.9

R6 0 0 0

Topic	Modeling	

Topic	-Term	Matrix	

Recipe-Topic	Matrix	



Each	document/recipe	in	the	corpus	can	be	
associated	with	one	or	more	topics.	



W
HV

Non- negative	matrix	factorization

𝑛	×	𝑚	 𝑛	×	𝑟	 r	×	𝑚	



Wa 𝑏

𝑉 ≈ 𝑊×𝐻

It	can	be	rewritten	column	by	column		as,

a	~𝑊×𝑏



potatoes saucepan	 coco beef lamb
Topic1 6 .07 0 7 0

Topic2 6 1 0 0 4

Topic3 0 1 2 0 0

Topic1 Topic2 Topic3
R1 .5 0 0

R2 0 0 0

R3 .7 0 0.002

R4 0 0 0

R5 0 0.3 0.9

R6 0 0 0

Topic	Modeling	

Topic	-Term	Matrix	

Recipe-Topic	Matrix	



Outcome	of	different	topic	modeling	session	is	only	
approximately	equal



Ensemble procedures seek to encourage diversity with a view to 
improving the quality of the information available in the integration phase 

- Alexander	Topchy

Ensemble	Topic	Modeling



Recipe Recommendation Reasoning on Features : 
Ensemble Topic Modeling Based Approach

Extracting significant Features(words) using Ensemble 
Topic modeling  

l Tokenize , Lemmatize, Stem , customWord
l Domain  and  corpus specific Stopwords generation 
l Ensemble Topic modeling
l Selecting  first 15 words from top 30 topics 
l Calculating the weight for the Unique 288 words from the previous step



Example	of	identified	topics	



The final 288 Food Features 

Which we later considered the 
basis of new data representation 
format and thereby 
recommendation algorithms 

low-
calorie



It	Feels	Like	Everything	has	been	Figured	Out	!
But	just	not	yet	!

The final 288 Food Features 



The final 288 Food Features 



Our proposed n-by-288 data representation format 



Recommendation approaches 

l ua is an user
l rn is a new recipe 
l i is each feature in rn i=0,1,2....m
l fi,ua is ua’s rating on i

Food Features based Recommendation 
(FFbR) 



Recommendation approaches 

l ua is an user
l rn is a new recipe 
l i  is each ingredient in rn i=0,1,2....m
l fi,ua is ua’s rating on i
l wi is significance score of each 

feature

Weighted Food Features based 
Recommendation (WFFbR) 



Recommendation approaches 

l ua is an user
l i is each neighbor of ua i=0,1,2....n
l fb,i is neighbor i’s rating on a feature fb
l We calculate fr,ua using FFbR after learning ua’s rating on all unknown feature 

fb using FFbCF

Food Features based Collaborative 
Filtering  (FFbCF) 



Recommendation approaches 

Content Based(CB) 

l ua is an user
l rn is a new recipe 
l i is each ingredient in rn i=0,1,2....m
l Ingi,ua is ua’s rating on i



User modeling and 
testing the recommendation algorithms



User	Study	:	4	recommenders	and	48	user	

Users’	spread	over	gender	category

Female									Male							Other	

Users’	spread	over	activity	category	



User	Study	:	4	recommenders	and	48	user	

Users’	spread	over	age	range

Participant	number

Ag
e



User	Study	:	4	recommenders	and	48	user	



User	Study	:	4	recommenders	and	48	user	



User	Study	:	4	recommenders	and	48	user	



User	Study	:	4	recommenders	and	48	user	



User	Study	:	4	recommenders	and	48	user	



User	Study	:	4	recommenders	and	48	user	



User	Study	:	4	recommenders	and	48	user	



User	Study	:

User	Study	:	4	recommenders	and	48	user	



User	Study	:
User	Study	:	4	recommenders	and	48	user	

https://www.youtube.com/watch?v=ujaB0FiqRwk

D

Demo	on	our	developed	system	could	be	found	on	



Results

Coverage User preference



Identifying user’s food requirement and restriction 

Results



Recommending	Healthy	Recipe	??



Recommending	Healthy	Recipe	??



Looking	for	user	group	with	healthier	
life	style??



Users’	spread	over		different	Healthiness	scale	

Looking	for	user	group	with	healthier	
life	style??



Positively	correlated	features	to	
healthier	user	groups	



Negatively	correlated	features	
to	healthier	user	groups	



Limitation	



Feature	work	



Thank You


