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@ Motivation
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In 1960, Kevin Lynch introduced the city’'s mental
map, indicating the city elements that are
distinguished among hundreds, thousands, or
millions of other city artifacts by their unique
shapes, sizes, colors, etc.

- The I'mage of the city (1960)




@ Motivation

m Each region/country/city has formed a distinct

identity, distinguishing itself from other regions
What Makes Paris Look like Paris? [Doersch et al. SIGGRPAH2012]
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@ Motivation

m Each region/country/city has formed a distinct

identity, distinguishing itself from other regions

Recognizing City Identity via Attribute Analysis of Geo-tagged Images? [Zhou
et al. ECCV2014]

chitecture
. T N
- : i ¥ "": |

Veetation Vertical buildings Tranportation Water coverage
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Motivation

| m Each region/country/city has formed a distinct

identity, distinguishing itself from other regions
Changing Fashion Cultures? [Abe ef al. arXiv2017]
2014 2015 2016
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Can food make Paris look like
Paris?



Motivation

I m The variety of regional cuisines

Flavor network and the principles of food pairing [Y.-Y. Ahn,Scientific Reports(2011)]

nature International weelkly journal of seience

Home | Mews & Comment | Research | Careers & Jobs | Curmrent Issue ‘ Archive | Audio & Video | For Aut

News & Comment m September m

Mining molecular gastronomy

East Asian cuisine doesn’t use matching flavour compounds, unlike North American
recipes.

Katharine Sanderson
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m The variety of regional cuisines
Kissing Cuisines [Sajadmanesh, WWW (2016)]

Limitation

1. single-modality
(only ingredient)

2. Single-dimension

10




Motivation

I = Food has always been a significant aspect of
region identity from different dimensions

Food ingredients; Food flavor ; Food visual appearance
V E_SN i T T NN :‘;_;,: -

Cuisine American

Course Desserts Breakfast ‘Course Appetizers; Main
and Brunch Dishes i

Ingredients chili-powder Ingredients bread brown- Ingredients medium-
garliccinnamon  ground- sugar melted-butter egg milk Shrimp ground-pork bamboo-
cumin onion-powder maple-syrup vanilla-extract shootcanola: ollisesamesol|

i ground-white-pepper wonton-
pepper flank-steak sugar ground-cinnamon
wrapper corn-starch soy-sauce

chile-sauce

Course Main Dishes

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj &\ *@‘! i: ;, g .*



@ Motivation
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Delivery Hero

meituan.com
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@ Motivation

13

Li Jiang theme restaurant

Three black cuts of meat

Pine apple rice
Grand dish

Restaurant

*! ﬂ‘ ;b.b ﬂﬂ F@* Jm Institute of Computing Technology, Chinese Academy of Sciences
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Motivation

Photos

"6 bone-in chicken thighs”,

. . "1 pound mild Italian chicken
"1 medium onion, chopped fine"] "1/2 cup maseca masa flour plus salf)s o"
"1 teaspoon canola oil", 1/2 cup water” " % i
" N ) % 3 carrots”,
3 teaspoons sugar”, "2 dried ancho chiles, stems " "
1 stalk celery”,
. "1 15-0z can tomato sauce", removed”, Wi tiBlesnoonexiravirsin
Ingredients »; pound boneless, skinless "2 medium tomatoes, cut in .. .? i
hick " half" olive oil”,
chicken breasts . 1’ " e "8 cups chicken broth
""" 3 cloves garlic, pee > "1 tablespoon dried Italian
"2 chayote squash, or 2 large s w
seasoning”,
potatoes”, ... ...
Text/Name | Chicken Enchiladas Ancho Chicken Soup with Masa Dumplings |Hearty Italian Basil Sausage Soup
Cuisine Mexican Mexican Italian
Course Main Dishes Soups Soups

14



Explore multi-modal multi-

attribute recipe information for
cross-region food analysis




@ Motivation

m Applications
~1 Facilitate deep understanding of food from the health, marketing
and cultural perspectives
"1 Personalized food preference learning and recommendation
1 Cuisine classification

1 Health diet analysis
1 Mobile food journal

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj &\ #@‘! i: ;, ‘E .*
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Our Framework

Multi-Attribute Theme Modeling and

Data Input l
ata Inpu Yummy Multi-Modal Embedding

3 Multi-Attribute Theme Modeling Multi-Model Embedding

0@
oxoRolo (Yol

Cllisirl American Cuisine Indian Cuisine Chinese

r =
OO

f 5 =Y (= )
N @ O O
# e ol o
£ il g : : ; O
4] Course Main Dishes  Course Side Dishes  Course Appetizers, Lunch e e e @ ® O O O
- Flavors Flavors Flavors D X — = = :
piquent: 0.6667 sour: 0.3333 piquant: 0.5 sour:0.5 piquant: 0.1667 sour: 0.1667 H
salty: 0.8333 sweet: 0.1667 salty: 0.8333 sweat: 0.1667 salty-0.1667  sweet:0.0 Y () )
bitter: 0.5000 meaty: 0.6667 bitter: 0.8333 meaty: 0.1667  bitter: 0.1667 meaty: 0.8333 VGG-16 CNN . O O O
5 Ingredients Ingredients Ingredients 7
a "1 large onion, diced", *oil", "onions", "green chilies”, “"chicken wings", "paprika”, . | O ] O
£ *1 tablespoon olive cil", "cumin seed", "cooked rice”,  “crushed red pepper flakes™, o . : :
o "1 large green bell pepper, "turmeric", "chili powder", "ground white pepper®, -
=3 diced", ...... “water”, "salt®, "cilantro” "szechwan peppercoms”, . O O
o — — —
o) . y, \L )
3
2 Applications 4L
=
5 - <
‘Z (1) Flavor analysis and comparison (2) Region-oriented multi-dimensional food summary  (3) Multi-attribute oriented recipe recommendation
1] \ 4 A =3 Query R ) Results.
% F% £ "%; =& 3 o Culslne: French wecor ; ==
5 o piquant 07 piquant Wsour Wsalty Wsweet Wbitter mmeaty . iy I 4% 3 3 . 4 ?urosre': Desserts = = iy,
g u sour 0.6 = - ua;ém BeefFried Cantonese Frl!d Penang Hokkien  Moa-Shu piquant:0.0 sour:0.17 B
S Shumai Noodles Char Recipe  Pork salty:0.17 sweet:0.83 |cherry Chocolate Iis Sreme Feppeint b
< salty _0s ﬂ_‘“ | K o bitter:0.17 meaty:0.5 Brulee Macarons
“ z f S ”’ ! 'ﬁ Culslne: Italian T ——
o) =04 .ga »m‘ 2 v ¥
> Hsweet | T ﬁ Course: Lunch, Breads || ¥ % Y
5 u bitter b rink-Chinese scaumn cef  Sesame Ginger 30y Sauce Imw Chinese Bean :If":}’ar,‘,t:o. 17 sour:0.17, s 3
8 02 Chicke m-iukm Mein Curd Rolls salty:0.83 sweet:0.17 [yinamombsor  Malian narmesan Malian Herbs &
@ meaty - (@) Tmages . bitter:0.17 meaty:0.5 | pima Pockets Pretrels  Cheese Subway Rolls
> i | | Culsine: Chi 5 :
2 L ol soy-sauce e i DD
Q. MD DE SD SA AT SO LU SN C5 BR BB BE CO AP Flavor: Brunch i
g ,,.,.,IKH‘I,SLL;;;:,,;M “mmﬁbmoncebChlclenchmesesalhon
j L Flavor distribution on American Flavor distribution on courses (b) Ingredients (c) Flavor distribution (d) Course distribution e Fancke )
=4
&
g
=
o
®
7

18
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Our Framework

Cuisine American
Course Main Dishes
Flavors

piquant: 0.6667 sour: 0.3333
salty: 0.8333 sweet: 0.1667
bitter: 0.5000 meaty: 0.6667
Ingredients

"1 large onion, diced",

"1 tablespoon olive ail",

"1 large green bell pepper,

Applications

Data Input

Cuisine Indian
Course Side Dishes
Flavors

piquant: 0.5 sour:0.5

salty: 0.8333 sweat: 0.1667
bitter; 0.8333 meaty: 0.1667
Ingredients

"oil", "onions", "
"cumin seed", "cooked rice”,
"turmeric", "chili powder",
“water”, "salt"®, "cilantro”

‘green chilies®,

Yurmiy

Cuisine Chinese
Course Appetizers, Lunch
Flavors

piquant: 0.1667 sour: 0.1667
salty- 0.1667 sweet-0.0
bitter: 0.1667 meaty: 0.8333
Ingredients

"chicken wings", "paprika”,
"crushed red pepper flakes™,
"ground white pepper®,
"szechwan peppercoms”,

Multi-Attribute Theme Modeling and
Multi-Modal Embedding

Multi-Attribute Theme Modeling

@

o0

Multi-Model Embedding

[.... ) .] [. ) .}
O~-00

[O e OJ [O e O]

[O () O] [O e OJ

h o

(1) Flavor analysis and comparison

L Flavor distribution on American

™ piquant 07

M sour 0.6
salty o5
2
N sweet T:’ 04
™ bitter 03
meaty

.1

ol

MD DE SD SA AT SO LU SN C5 BR BB BE CO AP

Flavor distribution on courses

(2) Region- orlented multi-dimensional food summary

4 g
=

mpiquant Bsour Wsalty Wsweet Wbitter Wmeaty . AL
|

Shumai

Chicken

soy-sauce '“.

(b) Ingredients (c) Flavor distribution (d) Course distribution

Chssu Beef Frled Canmnese Frl!d Penang Hokkien Moo-Shu

Noodles

C har Recipe Pork

e SR
ity i B
f X #; mug
Scallion Beef ~ Sesame Ginger Soy Sauce Imw Chmeseﬂean
Stir-fry Chicken Mein Curd Rolls
(a) Tmages

WODE 5D 54 AT S0 LU SN C5 53 88 0 COAP

(3) Multi-attribute oriented recipe recommendation

Query

) Results.

Culsine: French
Course: Desserts

Flavor:
piquant:0.0 sour:0.17
salty:0.17 sweet:0.83

Recon

Cherry Chocolate Irig Cn?ﬁe Peppermint French

salty:0.83 sweet:0.17
bitter:0.17 meaty:0.5

bitter:0.17 meaty:0.5 Brulee Macarons
Culsine: Italian n V T
Caurse: Lunch, Breads ’ ‘ £
Flavor: Y
piquant:0.17 sour:0.17|

nallan llarmesan nahan Herbs &
Cheese Subway Rolls

Pizza Bombs or
Piza Pockets

Culsine: Chinese
Course: Breakfast and
Flavor: Brunch

Pretzels

o

Cringy Homontade Lamon Cele Chicleen Chinese Scallion

Takeout S'V" Veggie wings Pancake




Dataset:Yummly
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Cuisine American
Course Main Dishes
Flavors

piquant: 0.666/7 sour: 0.3333
salty: 0.8333 sweet: 0.1667
bitter: 0.5000 meaty: 0.6667
Ingredients

"1 large onion, diced",

"1 tablespoon olive oil",

"1 large green bell pepper,

Cuisine Indian
Course Side Dishes
Flavors

piquant: 0.5 sour: 0.5

salty: 0.8333 sweet: 0.1667
bitter: 0.8333 meaty: 0.1667

Ingredients
"oil", "onions", "green chilies",
"cumin seed", "cooked rice”,

", "chili powder",

“turmeric”,
"water", "salt", "cilantro”

r

Cuisine Chinese

Course Appetizers, Lunch

Flavors
piquant: 0.1667 sour: 0.1667

salty: 0.1667  sweet: 0.0

bitter: 0.1667 meaty: 0.8333
Ingredients

“chicken wings", "paprika”,
“"crushed red pepper flakes”,
"ground white pepper”,

"szechwan peppercorns”,




/L7 Data Collection
" S

m Data Collection
Each recipe: food image, ingredients, course, cuisine(region), flavor

#ltems #Cuisine #Course #Flavor  #Ingredients
44,204 10 14 6 2,407
ingredients {0,1} cuisine label {0,1}
course label {0,1} flavor label [0,1]

4 Type | fValue

American, Italian, Mexican, Indian, French,

Thai, Chinese, Spanish, Greek, Japanese

Main Dishes (MD), Desserts (DE), Side Dishes (SD),
Salads (SA),Lunch (LU}, Snacks (SN), Soups (SO),
Course | Afternoon Tea (AT).Condiments and Sauces (CS),
Breads (BR), Breakfast and Brunch (BB),

Beverages (BE), Cocktails (CO), Appetizers (AF)
Flavor | Piquant, Sour, Salty, Sweet, Bitter, Meaty

Cuisine

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj 3\ *@E i: ;, ‘g .*



Our Framework

s N R R - N
Multi-Attribute Theme Modeling and
Data Input yynmly, . .
Multi-Modal Embedding
t & il Multi-Attribute Theme Modeling Multi-Model Embedding
9 \Gats @ ||®© o
~— 5 " @ 0 0
Cuisine American Cuisine Indian Cuisine Chinese : : : O
Course Main Dishes Course Side Dishes Course Appetizers, Lunch
Flavors Flavors Flavors _,. 9 9 O
piquent: 0.6667 sour: 0.3333 piquant: 0.5 sour:0.5 piquant: 0.1667 sour: 0.1667
salty: 0.8333 sweet: 0.1667 salty: 0.8333 sweat: 0.1667 salty-0.1667  sweet:0.0 Y () )
bitter: 0.5000 meaty: 0.6667 bitter; 0.8333 meaty: 0.1667  bitter- 0.1667 meaty: 0.8333 VGG-16 CNN . O O O
Ingredients Ingredients Ingredients /7
"1 large onion, diced", "oil", "onions", "green chilies”, "chicken wings", "paprika”, » . | O | O
*1 tablespoon olive cil", "cumin seed", "cooked rice”,  “crushed red pepper flakes™, o . : :
"1 large green bell pepper, "turmeric", "chili powder", "ground white pepper®, - : :
diced", ...... “water”, "salt®, "cilantro” "szechwan peppercoms”, . O O
\_ ) \ — — — y

Applications

h o

(1) Flavor analysis and comparison

L Flavor distribution on American

™ piquant 07

M sour 0.6

salty o5

2

M sweet T:’ 04

™ bitter 03
meaty

0.1 |
0
MD DE SD

4 g
=

mpiquant Bsour Wsalty Wsweet Wbitter Wmeaty . AL
|

SA AT S0 LU SN C5 BR BB BE CO AP

Flavor distribution on courses

(2) Region- orlented multi-dimensional food summary

Chssu Beef Frled Cantbnese Frl!d Penang Hokkien Moo-Shu
Noodles Char Recipe Pork

e Y AR
f X '“s; L%gsz
Scallion Beef ~ Sesame Ginger Soy Sauce Imw Chmeseﬂe%

Stir-fry Chicken Mein Curd Rolls
(a) Tmages

soy-sauce '“.

(b) Ingredients (c) Flavor distribution (d) Course distribution

Shumai

Chicken

WODE 5D 54 AT S0 LU SN C5 53 88 0 COAP

(3) Multi-attribute oriented recipe recommendation
) Results

Query
Culsine: French
Course: Desserts

Recon

Flavor:
piquant:0.0 sour:0.17

salty:0.17 sweet:0.83 cref;e Peppermint French

Cherry Chocolate Iris}

bitter:0.17 meaty:0.5 Brulee Macarons
Culsine: Italian n V T
Caurse: Lunch, Breads ’ ‘
Flavor: Y
piquant:0.17 sour:0.17| ;.
5alty:0.83 sweet:0.17 | pinapomhsor  halian narmesan Walian Herbs &
bitter:0.17 meaty:0.5 | piza Pockets Cheess Subway Rolls

Pretzels

Culsine: Chinese
Course: Breakfast and
Flavor: Brunch

Cringy Homontade Lamon Cele Chicleen Chinese Scallion
Takeout S'V" Veggie wings Pancake

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj &\ #@E i: ;, ‘Q .*
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Multi-Attribute Theme Model

" J
m Topic models have been proved successfully in discovering
meaningful and interpretable topics or patterns in the text

domain

Y

(MATM)

O

O

10
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Multi-Attribute Theme Model (MATM)

031088,
oeve

Incorporate attribute with Background distribution
different types

agr = exp(flAy) g = [lg;cqitg;1]

w: ingredients {0,1} I,: cuisine label {0,1}
cq-course label {0,1} td: flavor label [0,1]

24



Multi-Attribute Theme Model (MATM)

g ® Generative Process
(1) Draw a background distribution over ingredients ¢ ~

Dir(f)
(2) For each theme k € {1,...,K},
(a) draw A ~ N(0, o?I).
(b) draw @ ~ Dir(f).
(3) For eachreciped € {1,...,D}
(a) Draw m; ~ Beta(y) B
(b) [f-:nr each theme k, let a g = E}{p(fgﬂ.k]]
(c) Draw 84 ~ Dir(ay)
Ad) for each ingredient wg , € Wy )
(i) Draw a switch variable s; , ~ Binomial(x )
(ii) ifsy , = 0,draw aningredient wy , ~ Multi($?9)
(iii) if s , = 1, draw a theme z4 , ~ Multi(84),
\_ draw an ingredient wg , ~ Multi(@-, ) )

1Yo ‘Abojouyosa] Bunndwod jo aynysu| &\ #@E i: ??, ‘E -*

90UdI9g Jo Awoepeoy asau
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Multi-Attribute Theme Model (MATM)
" JE
m Model Inference Stochastic EM
» Stochastic E-Step: sample z and s given 4
p(zi" = ks = 1]zl 8T, woi, wi = W.Egl_lﬁﬁ, y) o

m—1

ng1.-i +7Y nd k,—i + E}:P(fgik {”k._,w._,—l:' + f)
2sNd,s,~i + 2V Tp(ng i +exp(fJAT 1) Zoymy oy _; + WP

ﬂ(ﬂi — nlzi,ni-.j:nj-w—.i.wi = W.E?_l,ﬁ? ]f] oc

bg
Wj,—lf +ﬁ ndﬁﬂ.—li + :l"

Zwrﬂbg ; 4 Wﬁ Zsﬂd,s,—'f + 2y

» M-Step : estimate A4 givenz and s

0L < S 3
o = D SR 4(¥( Y exp(fA71) — ¥( ) exp(fTAT))
kji  d=1 k'=1 k=1

Fri

o
+ny')+ ‘P(Exp(fg.lg‘) +ng ) — ’-P(exp(fglgl]}) - ﬂ_—; L-BFGS

seoualag Jo Awapeoy assulyy ‘ABojouyss] Buizndwod jo aynjsul 3\ #@‘! i: ;, .ﬁ .*



Multi-Attribute Theme Model (MATM)

S90UBI0g J0 Awapeoy asau

1Yo ‘Abojouyosa] Bunndwod jo aynysu| &\ #@E i: ??, ‘Q -*

. m Parameter estimation

Td,s = o7 Tds T Pk,w = "7 e *
> oM, + 2y Zw*—l n .. +Wp
by _ o9 4 B 5o Makt exp(f} A)
YW wawp | ZK (g + exp(]Ay)

-

The theme distribution for each recipe d

Hd = (Edﬁl- - Eri,k' - EELH}

27



Our Framework

Data Input

yynmly, Multi

Multi-Attribute Theme Modeling and
-Modal Embedding

Multi-Model Embedding

t & il Multi-Attribute Theme Modeling
i "IN oilosor @
e e G S
Cuisine American Cuisine (ndian Cuisine Chinese » £ -
Course Main Dishes Course Side Dishes Course Appetizers, lunch 0 e o
Flavors Flavors Flavors D«
piquent: 0.6667 sour: 0.3333 piquant: 0.5 sour:0.5 piquant: 0.1667 sour: 0.1667
salty: 0.8333 sweet: 0.1667 salty: 0.8333 sweat: 0.1667 salty-0.1667  sweet:0.0
bitter: 0.5000 meaty: 06667  bitter: 0.8333 meaty: 0.1667  bitter: 0.1667 meaty: 0.8333 VGG-16 CNN
Ingredients Ingredients Ingredients /7
"1 large onion, diced", *oil", "onions", "green chilies”, “"chicken wings", "paprika”,
*1 tablespoon olive cil", "cumin seed", "cooked rice”,  “crushed red pepper flakes™, o
"1 large green bell pepper, "turmeric", "chili powder", "ground white pepper®,
diced", ...... “water”, "salt®, "cilantro” "szechwan peppercoms”,
\ J (L

Applications

h o

L Flavor distribution on American

(1) Flavor analysis and comparison

™ piquant 07

M sour 0.6

salty o5

2

M sweet T:’ 04

™ bitter 03
meaty

0.1 |
0
MD DE SD

4 g
=

mpiquant Bsour Wsalty Wsweet Wbitter Wmeaty . AL
|

SA AT S0 LU SN C5 BR BB BE CO AP

Flavor distribution on courses

(2) Region- orlented multi-dimensional food summary

Moo-Shu
Noodles Pork

e Y AR
f X '“s; L%gsz
Scallion Beef ~ Sesame Ginger Soy Sauce Imw Chmeseﬂe%

Stir-fry Chicken Mein Curd Rolls
(a) Tmages

soy-sauce '“.

(b) Ingredients (c) Flavor distribution (d) Course distribution

Chssu Beef Frled Cantbnese Frl!d Penang Hokkien
Char Recipe

Shumai

Chicken

WODE 5D 54 AT S0 LU SN C5 53 88 0 COAP

(3) Multi-attribute oriented recipe recommendation
) Results

Query
Culsine: French
Course: Desserts

Recon

Flavor:

piquant:0.0 sour:0.17
salty:0.17 sweet:0.83
bitter:0.17 meaty:0.5
Culsine: Italian
Caurse: Lunch, Breads

Creme Pepparmint French,
Brulee Macarons

EsE N

Ralian Parmesan nahan Herbs &
Pretzels  Cheese Subway Rolls

Cherry Chocolate Iris}

Flavor:

piquant:0.17 sour:0.17|
salty:0.83 sweet:0.17
bitter:0.17 meaty:0.5

Pizza Bombs or
Piza Pockets

Cringy Homontade Lamon Cele Chicleen Chinese Scallion
Takeout S'V" Veggie wings Pancake

Culsine: Chinese
Course: Breakfast and
Flavor: Brunch

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj &\ #@E i: ;, ‘Q .*
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Multi-Model Embedding (MME)
"
m Multi-modal DBM

w(O O~ O)
Wc)
~O O~0O) [©O-0O]

h(ms) | W (ms) h(@™v) | w @mv)

O O0~-0] [0O0-0,

h(19) w (19) h(1¥) w ()

{ Y - Y

00 000
0 Vg

d

1Yo ‘Abojouyosa] Bunndwod jo aynysu| &\ #@E i: ??, .ﬁ -*

04=041....04k.....04 k) VGG-16 deep features

exp(by + z_l-mﬁ”hff”)
J

(8, = 1)h19) = vg: = 11h1?) <~ N(b; + o th-f;j‘“}hfj”?, a?)

S90UBI0g J0 Awapeoy asau

>y exp(by + zlﬂ‘é}?}hﬁ“])
Jj !
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Our Framework

Multi-Attribute Theme Modeling and
Multi-Modal Embedding

Multi-Model Embedding

Data Input

Yurmiy

| Multi-Attribute Theme Modeling

\i OH—EE) O @] (O O
. T [0]0-0R0e] o eHoHo

Cuisine American Cuisine (ndian Cuisine Chinese » K : : : : O
Course Main Dishes Course Side Dishes Course Appetizers, Lunch “l
Flavors Flavors Flavors 0 e e D K g, 9 9 O
piquant: 0.6667 sour: 03333  piquant: 0.5 sour: 0.5 piquant: 0.1667 sour: 0.1667
salty: 0.8333 sweet: 0.1657 salty:0.8333 sweet: 0.1667  salty: 0.1667 sweet:0.0 () () ()
bitter: 0.5000 meaty: 0.6667 bitter; 0.8333 meaty: 0.1667  bitter- 0.1667 meaty: 0.8333 VGG-16 CNN . O O O
Ingredients Ingredients Ingredients /7
"1 large onion, diced", *oil", "onions", "green chilies”, “"chicken wings", "paprika”, » . | O ] O
*1 tablespoon olive cil", "cumin seed", "cooked rice”,  “crushed red pepper flakes™, o . : :
"1 large green bell pepper, "turmeric", "chili powder", "ground white pepper®, - ’ :
diced", ...... “water”, "salt®, "cilantro” "szechwan peppercoms”, . O O

Applications

h o

(3) Multi-attribute oriented recipe recommendation

Query
Culsine: French
Course: Desserts

(1) Flavor analysis and comparison (2) Region-oriented multi-dimensional food summary

v 4
= P
Wpiquant Wsour Wsalty Wsweet Whitter mmeaty . A N, W
|

Classic Beef Fried Canmnese Fnzd Penang Hokkien
Rice Noodles ghar Recipe

) Results.

Recon

™ piquant
Flavor:

piquant:0.0 sour:0.17
salty:0.17 sweet:0.83
bitter:0.17 meaty:0.5
Culsine: Italian

Moo-Shu
Pork
§ T

«@*%‘g

W sour Shumai

Creme Pepparmint French,
Brulee Macarons

Cherry Chocolate i}is

AT ¢

salty

M sweet

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj &\ #@E i: ;, g .*

m bitter

meaty

Flavor distribution on American

.1

=p

Oy Sauce huw Chlnese Bean
Curd Rolls

Sc|alllnniee' esame Ginger

Stir-fry Chicken
(a) Tmages

soy-sauce .’“.

(b) Ingredients (c) Flavor distribution (d) Course distribution

Chicken

MD DE SD SA AT SO LU SN C5 BR BB BE CO AP

ol

WODE 5D 54 AT S0 LU SN C5 53 88 0 COAP

Flavor distribution on courses

= Caurse: Lunch, Breads i

Flavor:

piquant:0.17 sour:0.17|
salty:0.83 sweet:0.17
bitter:0.17 meaty:0.5

SoeE INA

Ralian Parmesan nahan Herbs &
Cheese Subway Rolls

Pizza Bombs or
Piza Pockets

Culsine: Chinese
Course: Breakfast and
Flavor: Brunch

Pretzels

ke Chiclaen Chinese Scallion
Pancake

Criggy Homentade Lemon
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Applications

T
D~ s
Ul 1

1. Cross-Region Flavor Analysis and Comparison

E 3 4 3 N @ G
TETY R i §3 4

2. Region-Oriented Multi-dimensional Food Summary

3. Multi-Attribute Oriented Recipe Recommendation

31



Cross-region Flavor Analysis and Comparison

s B Flavor distribution on regions

Ut kP(t) ,
p(tfl) = ; S o Urrfkp“,)whk

< »

exp(ffAy) iD=y exp(ffj.k]
: PIKIE) = Vi k = :
2 exp[ff.lkr ) PN, exp{ff,lkr )

plklt) = vk =

1Yo ‘Abojouyosa] Bunndwod jo aynysu| &\ *@E i: ??, ‘Q -*

S90UBI0g J0 Awapeoy asau
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7cr Region-Oriented Multi-dimensional Food

. Summaﬂ

m Representative ingredients

¥
2k PewVigk Rep; (w)

# 2k PV, k + Do w Reprg(w)

g

“’f‘ m Representative images

Tg Ty

: . V1,94 AL

E sim(lg,Ig) =1 — +(1—-1)

11, 11104l Vi, IV all

m Flavor distribution on one region Pt

m Course distribution on one region P(c|l)

S90UBI0g J0 Awapeoy asau
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/L7 Multi-Attribute based Recipe Recommendation

" A
m Given the multiple query attributes including the cuisine /,
course ¢ and flavor t, this task is to recommend relevant
recipes to match these query attributes.

JsSim(8¢.,0,) = exp{—D;s(¢]|6,4)}

Lo »

exp(f;j.k} N . .
— L(wg) = H[ffdﬁu%,- + g1 ZP{H‘_‘I}@'hWI]
2k exp(fy Ag) i=1 kek

P{qu:’ =

1Yo ‘Abojouyosa] Bunndwod jo aynysu| &\ *@E i: ??, ‘g -*

S90UBI0g J0 Awapeoy asau
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Evaluation of theme model
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I = Some examples of discovered themes

salted-butter 0.032
melted-butter 0.016
egg-white 0.015
bread 0.014

honey 0.012

juice 0.039
navel-orange 0.036
pineapple 0.035
orange 0.029
strawberry 0.027

Theme #11 Theme £12 Theme {44

egg 0.366 honey 0.094 mozzarella-cheese 0.124
milk 0.178 mango 0.073 parmesan-cheese 0.110
salt 0.111 fresh-lime-juice 0.064 ricotta-cheese 0.098
butter 0.060 chopped-fresh-mint 0.041 | egg 0.079

flour 0.044 fresh-mint 0.041 lasagna-noodle 0.058

marinara-sauce 0.053
pasta-sauce 0.044
italian-seasoning 0.043
italian-sausage 0.037
tomato-sauce 0.030
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@ Evaluation of the theme model
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m Perplexity
72100 b Z=120 e Z=140
160
155 e ———— B
150
x
£ 140
Q
- 135 —,————————— ————————9
@
2 130
125
115
110
1 500 1000 1500 2000

Number of Iterations
Z =100

37



/£7 Evaluation of MME
" JE
m Top R % : the relative number of images correctly

Z} retrieved in the first R% of the ranked list.

t

gﬁ Method | R=20 | R=40 | R=60 | R=80

Kﬁ 1-layer 0.199 | 0.399 | 0.598 | 0.798

2-layer 0.202 | 0.399 | 0.600 | 0.800

Jlayer | 0.207 | 0.411 | 0.615 | 0.810_

g 4-layer 0.201 | 0.401 | 0.600 | 0.800
5-layer 0.203 | 0.404 | 0.603 | 0.799
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M piquant
H sour

I salty

M sweet
M bitter

» meaty

American

M piquant
M sour

I salty

M sweet
M bitter

» meaty
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French

@ Cross-Region Flavor Analysis

M piquant
M sour

[ salty

M sweet

m bitter

@ meaty

Chinese

Mexican

H piquant
M sour

I salty

N sweet
M bitter

¥ meaty
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Region-Oriented Multi-dimensional
Food Summary

|

Trini-Chinese Chicken

m Chinese Cuisine

F ' ‘f :.-_ % -
" \ . r 1“ : :

& o
N r

Classic Beef Fried
Rice

Moodles

Recipe

5callion Beef
Stir-fry

SOY-SducCe

(b) Ingredients

Sesame Ginger
Chicken

(a) Images

(c) Flavor distribution

5oy Sauce Chow
Mein

Chinese Besn Curd
Eolls

0.5
0.45
0.4
0.35
= 03
=025
* 02
0.15

01

A T I TP

MD DE 5D 5A AT 50 LU 5N C5 BR BE BE CO AP

(d) Course distribution
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Region-Oriented Multi-dimensional
Food Summary

N Mexman Cwsme

Buttatmit SIEI.I.EE]'II 1 : D_uick‘and Easy Lime Chicken Grllled Tequila lee
¥ushroom Eochlladas NewMessan beswle Enchiladas Chimichangas Chicken

L N
Wexican Lasagna with Roasted Butternut
Fire-Roasted Tomato Squash and Black
Sauce Bean Enchilad as

Healthy Chicken Chili
with Barley

‘.:;. .
Two-Bean and Corn 5low-Cooker
Chipotle Turkey Chili Shredded Beef Tacos
(a) images

ground-cumin 0.45
S i 04
035
3
Zpas
E oo
0.15
0l

g II[“III.--

MD DE 50 SA AT 50 LU SM % BR B8 BE CO AP

fresh-cilantro

(b) ingredients (c) flavor distribution (d) course distribution
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@ Region-Oriented Multi-dimensional
Food Summary

m User study

ﬁ;} 5

g a5 | M Relevance W Diversity = m Satisfaction 4.44 4.43
“ 4 | 3.91 3.97

4 3.73 3.7 3.71

- n 3.44 3.48

é 3.5 3.22

5 3 r

= 2.48

s 2.5 r 2.29

2 |

2 1.5 |

1|

° 05 |

. 0

% MATM-TS MATM-MS MATM-MME-MS Our Method




Region-Oriented Multi-dimensional

Food Summary
"
= Why MME?

L)
1 Slic /8" thack
2 1, saute slowly for 1%
i except bousllon, saute W
FROM THE HEALTHIEST
Cl M . s caramel coloing or ktchen bouguet [ NATIONS ON THE PLANET
|

P a2 Rucines o

Chinese=American Childhood

s 2 ats. fimished soup.

Ingredients oil chow-mein-  Ingredients onionsalted-  Ingredients pork-shoulder  Ingredients olive-oil onion
noodle sprout yellow-chive butter paprika black-pepper rib salt sugar hoisin-sauce bell-pepper garlic saffron-
white-sesame-seed soy-sauce salt flour stock white-wine honey soy-sauce sherry thread spanish-paprika black-
oyster-sauce sugar sesame-oil bay-leaf crust swiss-cheese oyster-sauce spice-powder pepper salt chicken-broth
soy-sauce wine pepper orange garlic ginger arborio-rice large-shrimp pea
Cuisine Chinese Cuisine French Cuisine Chinese Cuisine Spanish

s99uaI9g Jo Awapeoy asaulyy ‘Abojouyosa] Bunndwo) jo aynsuj 3\ *@‘! i: ;, ‘g .*
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@ Cuisine Recommendation

m Use the flavor, course and cuisine attributes as the query

to retrieve recipes
m Metric: S@H:the success rate of finding the target within
the top-H recommendation results
0.6
B LDA m MATM
0.58 0.574 0.5750.577

1Yo ‘Abojouyosa] Bunndwod jo aynysu| ‘S\ #@E i: ??, E -*

0.571
0.56
e
®
v 0.54 0.536
0.522
0.52 I
0.5
K 3 5

1

S90UBI0g J0 Awapeoy asau
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Cuisine Recommendation
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E4E]
Pk

Query

Cuisine: French
Course: Desserts

Flavor:
piquant:0.0 sour:0.17

salty:0.17 sweet:0.83
bitter:0.17 meaty:0.5

Recommendation Results

; ] . : l ‘,
3 - e

h83 e
Cherry Chocolate Irish Coffee Creme Peppermint French
Macarons Brulee

Macarons

Cuisine: ltalian

Course: Lunch, Breads "

Flavor:
piquant:0.17 sour:0.17

salty:0.83 sweet:0.17
bitter:0.17 meaty:0.5

Pizza Bombs or Italian Parmesan Italian Herbs &
Pizza Pockets Pretzels Cheese Subway Rolls

Cuisine: Chinese
Course: Breakfast and

Flavor: Brunch
piquant:0.33 sour:0.67

salty:0.83 sweet:0.17

bitter:0.33 meaty:0.83

Crispy Homemade |emon Coke Chicken Chinese Scallion
Takeout Style Veggie wings Pancake
Egg Rolls

m Use the flavor, course and cuisine attributes as the query
to retrieve recipes
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/LZ Conclusions
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" J

m Propose a multi-modal multi-attribute topic modeling and
analysis framework, which is capable of exploring rich
recipe information for cross-region food analysis.
The derived attribute-theme representation and muilti-
modal correlation has demonstrated its effectiveness via
our proposed three applications in flavor analysis, food
summary and recipe recommendation.

m A multi-modal multi-attribute recipe food dataset is
collected and available (http://isia.ict.ac.cn/dataset )
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Z7 Future Work
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" J
m Location/region based personalized
recommendation

m Product dimension : A food retrieval and
recognition system

m Vision based high-level food attribute analysis
m Food calorie estimation

What other aspects make Paris look like Paris?
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Thank you!
http://isia.ict.ac.cn/dataset
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