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Item Amount

Hop 42

Barley 84





If your data fits in memory there 
is no advantage to putting it in a 
database: it will only be slower 

and more frustrating.



TODO CSV



TODO CSV



“More Frustrating”



CREATE TABLE …;
COPY …;



CREATE TABLE Data8277 (
Year   INTEGER, 
Age    INTEGER, 
Ethnic INTEGER, 
Sex    INTEGER, 
Area   INTEGER, 
count  INTEGER);

$ head Data8277.csv
Year,Age,Ethnic,Sex,Area,count
2018,000,1,1,01,795
2018,000,1,1,02,5067
2018,000,1,1,03,2229
2018,000,1,1,04,1356



# COPY Data8277 FROM '.../Data8277.csv' (FORMAT CSV, HEADER true);

ERROR:  invalid input syntax for type integer: "..C"
CONTEXT:  COPY data8277, line 18, column count: "..C"



# DROP TABLE Data8277; -- grr

# CREATE TABLE Data8277 (
Year   INTEGER, 
Age    INTEGER, 
Ethnic INTEGER, 
Sex    INTEGER, 
Area   INTEGER, 
count  VARCHAR); -- fine

# COPY Data8277 FROM '.../Data8277.csv' (FORMAT CSV, HEADER true);
ERROR:  invalid input syntax for type integer: "CMB07601"
CONTEXT:  COPY data8277, line 431741, column area: "CMB07601"



# DROP TABLE Data8277; -- grrrrr

# CREATE TABLE Data8277 (
Year   VARCHAR, 
Age    VARCHAR, 
Ethnic VARCHAR, 
Sex    VARCHAR, 
Area   VARCHAR, 
count  VARCHAR); -- wtf

# COPY Data8277 FROM '.../Data8277.csv' (FORMAT CSV, HEADER true);
COPY 34959672
Time: 16.36 s



“More Frustrating” 



“Slower”



10 s

> readr::read_csv("Data8277.csv") 

Rows: 34959672 Columns: 6
── Column specification ──
Delimiter: ","
chr (3): Age, Area, count
dbl (3): Year, Ethnic, Sex

# A tibble: 34,959,672 × 6
    Year Age   Ethnic   Sex Area  count
   <dbl> <chr>  <dbl> <dbl> <chr> <chr>
 1  2018 000        1     1 01    795  
 2  2018 000        1     1 02    5067 
 3  2018 000        1     1 03    2229 
 4  2018 000        1     1 04    1356 
 5  2018 000        1     1 05    180  
# ℹ 34,959,667 more rows



System Command Time

R read.csv read.csv("Data8277.csv") 22 s

PostgreSQL COPY … FROM … 16 s

readr readr::read_csv("Data8277.csv") 10 s

Pandas pandas.read_csv("Data8277.csv") 5.5 s

data.table fread("Data8277.csv") 2.9 s

Polars polars.read_csv("Data8277.csv") Exception



“Slower” 

“More Frustrating” 





DuckDB Introduction





User 
Experience 

DBMS

Engine



In-Process

Client-Server

Transactional Analytical





install.packages("duckdb")
 
pip install duckdb



Batteries Included



Fast







https://duckdblabs.github.io/db-benchmark/



https://duckdblabs.github.io/db-benchmark/



Free!









data.frame

R Process





Python Process



Python/R Process





DuckDB:  
Slower and More Frustrating?





D FROM Data8277.csv; 
┌───────┬─────────┬────────┬───────┬─────────┬─────────┐ 
│ Year  │   Age   │ Ethnic │  Sex  │  Area   │  count  │ 
│ int64 │ varchar │ int64  │ int64 │ varchar │ varchar │ 
├───────┼─────────┼────────┼───────┼─────────┼─────────┤ 
│  2018 │ 000     │      1 │     1 │ 01      │ 795     │ 
│  2018 │ 000     │      1 │     1 │ 02      │ 5067    │ 
│  2018 │ 000     │      1 │     1 │ 03      │ 2229    │ 
│  2018 │ 000     │      1 │     1 │ 04      │ 1356    │ 
│  2018 │ 000     │      1 │     1 │ 05      │ 180     │ 
…



D SUMMARIZE FROM "Data8277.csv"; 
┌─────────────┬─────────────┬─────────┬─────────┬───────────────┬────────────────────┬────────────────────┬─────────┬─────────┬─────────┬──────────┬─────────────────┐ 
│ column_name │ column_type │   min   │   max   │ approx_unique │        avg         │        std         │   q25   │   q50   │   q75   │  count   │ null_percentage │ 
│   varchar   │   varchar   │ varchar │ varchar │     int64     │      varchar       │      varchar       │ varchar │ varchar │ varchar │  int64   │  decimal(9,2)   │ 
├─────────────┼─────────────┼─────────┼─────────┼───────────────┼────────────────────┼────────────────────┼─────────┼─────────┼─────────┼──────────┼─────────────────┤ 
│ Year        │ BIGINT      │ 2006    │ 2018    │             3 │ 2012.3333333333333 │ 4.921607757117376  │ 2006    │ 2013    │ 2018    │ 34959672 │            0.00 │ 
│ Age         │ VARCHAR     │ 000     │ 999999  │           149 │                    │                    │         │         │         │ 34959672 │            0.00 │ 
│ Ethnic      │ BIGINT      │ 1       │ 9999    │            11 │ 930.5454545454545  │ 2867.839277148325  │ 3       │ 6       │ 69      │ 34959672 │            0.00 │ 
│ Sex         │ BIGINT      │ 1       │ 9       │             3 │ 4.0                │ 3.5590261349123873 │ 1       │ 2       │ 9       │ 34959672 │            0.00 │ 
│ Area        │ VARCHAR     │ 001     │ DHB9999 │          2048 │                    │                    │         │         │         │ 34959672 │            0.00 │ 
│ count       │ VARCHAR     │ ..C     │ 9999    │         16825 │                    │                    │         │         │         │ 34959672 │            0.00 │ 
└─────────────┴─────────────┴─────────┴─────────┴───────────────┴────────────────────┴────────────────────┴─────────┴─────────┴─────────┴──────────┴─────────────────┘ 



System Command Time

R read.csv read.csv("Data8277.csv") 22 s

PostgreSQL COPY … FROM … 16 s

readr readr::read_csv("Data8277.csv") 10 s

Pandas pandas.read_csv("Data8277.csv") 5.5 s

data.table fread("Data8277.csv") 2.9 s

Polars polars.read_csv("Data8277.csv") Exception

DuckDB CREATE TABLE … AS FROM Data8277.csv 1.1 s



Complex Queries



WITH expanded_cleaned_data AS (
  SELECT year.Description year_, 
    area.Description area_, 
    ethnic.Description ethnic_, 
    sex.Description sex_, 
    try_cast(replace(age.Description, ' years', '') as integer) age_,
    try_cast(data.count as integer) count_ 
  FROM Data8277.csv data 
    JOIN DimenLookupAge8277.csv age ON data.Age = age.Code
    JOIN DimenLookupArea8277.csv area ON data.Area = area.Code
    JOIN DimenLookupEthnic8277.csv ethnic ON data.Ethnic = ethnic.Code
    JOIN DimenLookupSex8277.csv sex ON data.Sex = sex.Code
    JOIN DimenLookupYear8277.csv year ON data.Year = year.Code
  WHERE 
    count_ > 0 
    AND age_ IS NOT NULL
    AND area_ NOT LIKE 'Total%'
    AND ethnic_ NOT LIKE 'Total%'
    AND sex_ NOT LIKE 'Total%'
)
SELECT sex_, SUM(count_) group_count 
FROM expanded_cleaned_data
WHERE age_ BETWEEN 20 AND 40
AND area_ LIKE 'Auckland%'
AND ethnic_ <> 'European'
AND year_ = 2018
GROUP BY sex_;

1s

“Computer, give me the 
number of non-Europeans 
between 20 and 40 that live in 
the Auckland area from the 
2018 census grouped by sex.”



┌───────────────────────────┐                                                                                                                                                  
│         PROJECTION        │                                                                                                                                                  
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                                                                                  
│            sex_           │                                                                                                                                                  
│        group_count        │                                                                                                                                                  
└─────────────┬─────────────┘                                                                                                                                                                               
┌─────────────┴─────────────┐                                                                                                                                                  
│         AGGREGATE         │                                                                                                                                                  
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                                                                                  
│            sex_           │                                                                                                                                                  
│        sum(count_)        │                                                                                                                                                  
└─────────────┬─────────────┘                                                                                                                                                                               
┌─────────────┴─────────────┐                                                                                                                                                  
│         PROJECTION        │                                                                                                                                                  
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                                                                                  
│            sex_           │                                                                                                                                                  
│           count_          │                                                                                                                                                  
└─────────────┬─────────────┘                                                                                                                                                                               
┌─────────────┴─────────────┐                                                                                                                                                  
│      COMPARISON_JOIN      │                                                                                                                                                  
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                                                                                  
│           INNER           ├──────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────────┐               
│       (Year = Code)       │                                                                                                                                  │               
└─────────────┬─────────────┘                                                                                                                                  │                                            
┌─────────────┴─────────────┐                                                                                                                    ┌─────────────┴─────────────┐ 
│      COMPARISON_JOIN      │                                                                                                                    │          SEQ_SCAN         │ 
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                                                    │   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │ 
│           INNER           ├─────────────────────────────────────────────────────────────────────────────────────────────────────┐              │    Description=2018 AND   │ 
│        (Sex = Code)       │                                                                                                     │              │   Description IS NOT NULL │ 
│                           │                                                                                                     │              │    DimenLookupYear8277    │ 
└─────────────┬─────────────┘                                                                                                     │              └───────────────────────────┘                              
┌─────────────┴─────────────┐                                                                                       ┌─────────────┴─────────────┐                              
│      COMPARISON_JOIN      │                                                                                       │           FILTER          │                              
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                       │   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                              
│           INNER           ├────────────────────────────────────────────────────────────────────────┐              │ (NOT prefix(Description,  │                              
│        (Age = Code)       │                                                                        │              │         'Total'))         │                              
└─────────────┬─────────────┘                                                                        │              └─────────────┬─────────────┘                                                           
┌─────────────┴─────────────┐                                                          ┌─────────────┴─────────────┐┌─────────────┴─────────────┐                              
│      COMPARISON_JOIN      │                                                          │           FILTER          ││          SEQ_SCAN         │                              
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                          │   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   ││   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                              
│           INNER           │                                                          │     (TRY_CAST(replace     ││     DimenLookupSex8277    │                              
│      (Ethnic = Code)      │                                                          │(Description, ' years'...  ││                           │                              
│                           ├───────────────────────────────────────────┐              │    INTEGER) IS NOT NULL)  ││                           │                              
│                           │                                           │              │     (TRY_CAST(replace     ││                           │                              
│                           │                                           │              │(Description, ' years'...  ││                           │                              
│                           │                                           │              │ INTEGER) BETWEEN 20 A...  ││                           │                              
└─────────────┬─────────────┘                                           │              └─────────────┬─────────────┘└───────────────────────────┘                                                           
┌─────────────┴─────────────┐                             ┌─────────────┴─────────────┐┌─────────────┴─────────────┐                                                           
│      COMPARISON_JOIN      │                             │           FILTER          ││          SEQ_SCAN         │                                                           
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                             │   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   ││   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                           
│           INNER           ├──────────────┐              │  (ethnic_ != 'European')  ││     DimenLookupAge8277    │                                                           
│       (Area = Code)       │              │              │ (NOT prefix(Description,  ││                           │                                                           
│                           │              │              │         'Total'))         ││                           │                                                           
└─────────────┬─────────────┘              │              └─────────────┬─────────────┘└───────────────────────────┘                                                                                        
┌─────────────┴─────────────┐┌─────────────┴─────────────┐┌─────────────┴─────────────┐                                                                                        
│           FILTER          ││           FILTER          ││          SEQ_SCAN         │                                                                                        
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   ││   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   ││   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                        
│(TRY_CAST(count AS INTEGER)││ prefix(area_, 'Auckland') ││   DimenLookupEthnic8277   │                                                                                        
│            > 0)           ││ (NOT prefix(Description,  ││                           │                                                                                        
│                           ││         'Total'))         ││                           │                                                                                        
└─────────────┬─────────────┘└─────────────┬─────────────┘└───────────────────────────┘                                                                                                                     
┌─────────────┴─────────────┐┌─────────────┴─────────────┐                                                                                                                     
│          SEQ_SCAN         ││          SEQ_SCAN         │                                                                                                                     
│   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   ││   ─ ─ ─ ─ ─ ─ ─ ─ ─ ─ ─   │                                                                                                                     
│          Data8277         ││Description>='Auckland' AND│                                                                                                                     
│                           ││ Description<'Aucklane' AND│                                                                                                                     
│                           ││   Description IS NOT NULL │                                                                                                                     
│                           ││    DimenLookupArea8277    │                                                                                                                     
└───────────────────────────┘└───────────────────────────┘        

“Computer, give me the 
number of non-Europeans 
between 20 and 40 that live in 
the Auckland area from the 
2018 census grouped by sex.”



data   <- readr::read_csv("Data8277.csv")
…
expanded_cleaned_data <- data |>
  filter(grepl("^\\d+$", count)) |>
  mutate(count_ = as.integer(count)) |>
  filter(count_ > 0) |>
  inner_join(
    age |>
      filter(grepl("^\\d+ years$", Description)) |>
      mutate(age_ = as.integer(Code)),
    join_by(Age == Code)) |>
  inner_join(area |>
    mutate(area_ = Description) |>
    filter(!grepl("^Total", area_)), join_by(Area == Code)) |>
  inner_join(ethnic |>
    mutate(ethnic_ = Description) |>
    filter(!grepl("^Total", ethnic_)), join_by(Ethnic == Code)) |>
  inner_join(sex |>
    mutate(sex_ = Description) |>
    filter(!grepl("^Total", sex_)), join_by(Sex == Code)) |>
  inner_join(year |> mutate(year_ = Description) |>
    filter(year_ == "2018"), join_by(Year == Code))

twenty_till_fourty_non_european_in_auckland_area <-
  expanded_cleaned_data |>
  filter(
    age_ >= 20, age_ <= 40,
    grepl("^Auckland", area_),
    ethnic_ != "European") |>
  summarise(group_count = sum(count_), .by = sex_)

15s

“Computer, give me the 
number of non-Europeans 
between 20 and 40 that live in 
the Auckland area from the 
2018 census grouped by sex.”



data   <- duckplyr::duckplyr_df_from_csv("Data8277.csv")
…
expanded_cleaned_data <- data |>
  filter(grepl("^\\d+$", count)) |>
  mutate(count_ = as.integer(count)) |>
  filter(count_ > 0) |>
  inner_join(
    age |>
      filter(grepl("^\\d+ years$", Description)) |>
      mutate(age_ = as.integer(Code)),
    join_by(Age == Code)) |>
  inner_join(area |>
    mutate(area_ = Description) |>
    filter(!grepl("^Total", area_)), join_by(Area == Code)) |>
  inner_join(ethnic |>
    mutate(ethnic_ = Description) |>
    filter(!grepl("^Total", ethnic_)), join_by(Ethnic == Code)) |>
  inner_join(sex |>
    mutate(sex_ = Description) |>
    filter(!grepl("^Total", sex_)), join_by(Sex == Code)) |>
  inner_join(year |> mutate(year_ = Description) |>
    filter(year_ == "2018"), join_by(Year == Code))

twenty_till_fourty_non_european_in_auckland_area <-
  expanded_cleaned_data |>
  filter(
    age_ >= 20, age_ <= 40,
    grepl("^Auckland", area_),
    ethnic_ != "European") |>
  summarise(group_count = sum(count_), .by = sex_)

1.5s

“Computer, give me the 
number of non-Europeans 
between 20 and 40 that live in 
the Auckland area from the 
2018 census grouped by sex.”



> data   <- readr::read_csv("Data8277.csv")
> data2  <- data |> filter(Area=='01') 
> result <- data2 |> summarize(sum(as.integer(count), na.rm=T))



install.packages("duckplyr")



con = ibis.connect("duckdb://")
data   = con.read_csv("Data8277.csv")
…

data_ = data.filter(_["count"].re_search("^\\d+$")).mutate(count_=_["count"].cast("int32")).drop(_["count"])
age_ = age.filter(_.Description.re_search("^\\d+ years$")).mutate(age_code=_.Code, age_value=_.Description.replace(" 
years", "").cast("int32")).drop([_.SortOrder, _.Description, _.Code])
area_ = area.mutate(area_code=_.Code, area_value=_.Description).filter(-
_.area_value.re_search("^Total")).drop([_.SortOrder, _.Description, _.Code])
ethnic_ = ethnic.mutate(ethnic_code=_.Code, ethnic_value=_.Description).filter(-
_.ethnic_value.re_search("^Total")).drop([_.SortOrder, _.Description, _.Code])
sex_ = sex.mutate(sex_code=_.Code, sex_value = _.Description).filter(-
_.sex_value.re_search("^Total")).drop([_.SortOrder, _.Description, _.Code])
year_ = year.mutate(year_code=_.Code, year_value=_.Description).filter(_.year_value == 2018).drop([_.SortOrder, 
_.Description, _.Code])

expanded_cleaned_data = data_.join(age_, _.Age == age_.age_code).join(area_, _.Area == 
area_.area_code).join(ethnic_, _.Ethnic == ethnic_.ethnic_code).join(sex_, _.Sex == sex_.sex_code).join(year_, _.Year 
== year_.year_code)

twenty_till_fourty_non_european_in_auckland_area = expanded_cleaned_data.filter([_.age_value >= 20, _.age_value <= 
40, _.area_value.re_search("^Auckland"), _.ethnic_value != 
"European"]).group_by(_.sex_value).aggregate(group_count=_.count_.sum())

1.3s

“Computer, give me the 
number of non-Europeans 
between 20 and 40 that live in 
the Auckland area from the 
2018 census grouped by sex.”





Atomic Datasets with DuckDB



COPY Data8277.csv 
TO   Data8277.parquet;





BEGIN TRANSACTION;

CREATE TABLE Data8277 AS FROM Data8277.csv;
CREATE TABLE DimenLookupAge8277 AS FROM DimenLookupAge8277.csv;
…

COMMIT;



CREATE VIEW expanded_cleaned_data AS 
SELECT year.Description year_, 

    area.Description area_, 
    ethnic.Description ethnic_, 
    sex.Description sex_, 
    try_cast(replace(age.Description, ' years', '') as integer) age_,
    try_cast(data.count as integer) count_ 
  FROM Data8277 data 
    JOIN DimenLookupAge8277 age ON data.Age = age.Code
    JOIN DimenLookupArea8277 area ON data.Area = area.Code
    JOIN DimenLookupEthnic8277 ethnic ON data.Ethnic = ethnic.Code
    JOIN DimenLookupSex8277 sex ON data.Sex = sex.Code
    JOIN DimenLookupYear8277 year ON data.Year = year.Code
  WHERE 
    count_ > 0 
    AND age_ IS NOT NULL
    AND area_ NOT LIKE 'Total%'
    AND ethnic_ NOT LIKE 'Total%'
    AND sex_ NOT LIKE 'Total%';



CREATE MACRO NOT_TOTAL(COL) AS 
COL NOT LIKE 'Total%';

SELECT 
…
WHERE NOT_TOTAL(area_)
  AND NOT_TOTAL(ethnic_)
  AND NOT_TOTAL(sex_);

SELECT 
…
WHERE area_   NOT LIKE 'Total%'
  AND ethnic_ NOT LIKE 'Total%'
  AND sex_    NOT LIKE 'Total%';



BEGIN TRANSACTION;
CREATE TABLE age_count (Age VARCHAR, COUNT INTEGER);
INSERT INTO age_count

 SELECT Age, CAST(count as INTEGER) count_ FROM Data8277;
Conversion Error: Could not convert string '..C' to INT32
LINE 2:  SELECT Age, CAST(count as INT…
-- oops

ROLLBACK;
-- nothing happened, table age_count does not exist



Just put your data in DuckDB: 
Not doing so will only be slower 

and more frustrating.





Big Data 
Is Dead?



Human typing speed                        200 Characters/min
NL working population              10 000 000
NL work year                          100 000 Minutes

Total data produced       200 000 000 000 000 Bytes
                                          200 Terabytes 

After compression                          60 Terabytes  





CPUs



SSDs



Past FutureToday

99% of Datasets



Single Node

99% of Datasets

Past FutureToday



Single Node

99% of Datasets

Past FutureToday



Data

Singularity

Single Node

99% of Datasets

Past FutureToday







Experiments!
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INSTALL my_extension FROM community;
LOAD my_extension;



• Most databases are frustrating and slow
• Not DuckDB!

• More cool database features
• Single node is the future
• Big Data is kind of dead

Data Wrangling 
Like a Boss 
With DuckDB

hannes.muehleisen.org
@hfmuehleisen






