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1 ┆ Recursive CTEs in DuckDB

 !"##$%   ()*+, -. […] +/. 011.23.4, 5/)6* 7) /.4.+3.
              + 80/37 5/.90.- )8 DuckDB.
     TG   Yay! \o/ Congratulations! But no WITH RECURSIVE?
 !"##$%   [CTEs] … <)7 /.=6/309. 8)/ 2)- )/ 2.9./.
     TG   What? NOOOOOO!
 !"##$%   >+55, 7) /.90.- + ?@ ^^

Back in June 2019

That's history. !

DuckDB now has become a versatile playground for recursive CTEs:

DuckDB version has added …

0.1.5 (early 2020) ABC! DEFGDHBIE (true to SQL:1999)

1.3.0 (May 2025) ABC! DEFGDHBIE … GHBJK LEM
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2 ┆ Recursive CTEs in SQL:1999: A Pile of Rows + Short-Term Memory

         ABC! DEFGDHBIE N OH (P₁ GJBRJ OSS P∞) UDRV N

W        ┆Y            ┆Z                   ┆  ┆ [
          ┆      620)2   ┆      620)2          ┆  ┆      620)2
          ┆      7+\4.   ┆      7+\4.          ┆  ┆      7+\4.
   ┍━┯━┯━┑┆     ┍━┯━┯━┑  ┆     ┍━┯━┯━┑         ┆  ┆     ┍━┯━┯━┑
P₁⎰│ │ │ │┆    │ │ │ │  ┆     │░│░│░│         ┆  ┆     │░│░│░│
  ⎱│ │ │ │┆ ⤹ │ │ │ │  ┆     │░│░│░│         ┆  ┆     │░│░│░│
   └─┴─┴─┘┆P∞   ╪═╪═╪═╪⨄┆     ╪═╪═╪═╪         ┆  ┆     │░│░│░│
          ┆ ⤷ ⎰│ │ │ │  ┆    │ │ │ │ -)/p02q ┆…┆     │░│░│░│
          ┆    ⎱│ │ │ │  ┆ ⤹ │ │ │ │  7+\4.  ┆  ┆     │░│░│░│
          ┆     └─┴─┴─┘  ┆P∞   ╪═╪═╪═╪⨄       ┆  ┆     │░│░│░│
          ┆              ┆ ⤷ ⎰│ │ │ │  0271*  ┆  ┆     │░│░│░│
          ┆              ┆    ⎱│ │ │ │  7+\4.  ┆  ┆     ╪═╪═╪═╪
          ┆              ┆     └─┴─┴─┘         ┆  ┆    │ │ │ │
          ┆              ┆                     ┆  ┆ ⤹ │ │ │ │
          ┆              ┆                     ┆  ┆P∞   ╘═╧═╧═╛
          ┆              ┆                     ┆  ┆ ⤷ ⌀ *)2..
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Recursive CTEs in SQL:1999: (Anti-)Idioms

         802+4            ┆             620)2 7+\4.
      620)2 7+\4.         ┆      + ever-growing history 
        ┍━┯━┯━┑           ┆          ┍━┯━┯━┯━━━━━━━━━━┑
       ⎧│ │ │ │           ┆          │░│░│░│[] ░░░░░░░│
       ⎪│ │ │ │           ┆          │░│░│░│[] ░░░░░░░│
       ⎪│ │ │ │           ┆          │░│░│░│[] ░░░░░│
       ⎪│ │ │ │           ┆          │░│░│░│[] ░░░░░│
     y⎨│ │ │ │           ┆          │░│░│░│[] ░░░│
       ⎪│ │ │ │           ┆          │░│░│░│[] ░░░│
       ⎪│ │ │ │           ┆          ╪═╪═╪═╪══════════╪
       ⎪│ │ │ │           ┆         │ │ │ │[]  │
       ⎩│ │ │ │           ┆      ⤹ │ │ │ │[]  │
        ╪═╪═╪═╪           ┆     P∞   ╪═╪═╪═╪══════════╪⨄
      │ │ │ │           ┆      ⤷ ⎰│ │ │ │[]│
        ╘═╧═╧═╛           ┆         ⎱│ │ │ │[]│
                          ┆          └─┴─┴─┴──────────┘
ABC! DEFGDHBIE N OH (⋯)  ┆
UDRV  N                   ┆  Aggregate relevant iteration history
A!EDE ‹802+4 07./+70)2›   ┆   to make up for “short-term” memory
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3 ┆ Since DuckDB 1.3: USING KEY

 ABC! DEFGDHBIE N(~,…) �ÄÅÇÉ ÑÖÜ (~) OH (P₁ GJBRJ OSS P∞) UDRV N

W         ┆ Y              ┆ Z              ┆  ┆  [
           ┆       p.,.*     ┆       p.,.*     ┆  ┆       p.,.*
           ┆       7+\4.     ┆       7+\4.     ┆  ┆       7+\4.
   ┍━━┯━━┑ ┆      ┍━━┯━━┑    ┆      ┍━━┯━━┑    ┆  ┆      ┍━━┯━━┑
P₁⎰│~₁│3 │ ┆     │~₁│3⃦2│⎫   ┆     â│~₁│2⃦1│⎫   ┆  ┆     â│~₁│1 │
  ⎱│~₂│2 │ ┆  ⤹ │~₂│2 │⎬å╮ ┆     é│~₂│2 │⎪   ┆  ┆     é│~₂│2 │
   └──┴──┘ ┆ P∞   ┼╌╌┼╌╌┼⎪ │ ┆  ⤹╶í┼╌╌┼╌╌┼⎬å╮ ┆…┆    â█│~₃|3 |
           ┆  │   │~₃│3 │⎭ │ ┆ P∞  ñ│~₃|3 │⎪ │ ┆  ┆  ⤹ñ█|…|…|
           ┆  │   └──┴──┘  │ ┆  │   ┼╌╌┼╌╌┼⎪ │ ┆  ┆ P∞ ╶í┼╌╌┼╌╌┼
           ┆  ╰────────────╯ ┆  │   |…|…|⎭ │ ┆  ┆  |  ñ|…|…|
           ┆      653./7     ┆  │   └──┴──┘  │ ┆  ┆  |   ╘══╧══╛
           ┆                 ┆  ╰────────────╯ ┆  ┆  ╰ô ⌀ *)2..
           ┆                 ┆      653./7     ┆  ┆

Spread of keys ~ᵢ controls table size: can afford to pass entire

keyed table to P∞ (⋯ UDRV N, recurring.N ⋯).
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Since DuckDB 1.3: USING KEY

May think of the keyed table like a dictionary or an updatable

associative array (much like in your favourite PL).

A wide range of iterative algorithms that read and update

intermediate state naturally map to GHBJK LEM:

Algorithm Key ' State
K-Means Clustering point ID currently assigned cluster
Connected Components node ID current graph component
Distance Vector Routing (source, target) via node on currently best path

But also …

Computation Key ' State 
execute PL/SQL-style UDF variable ID current variable contents
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4 ┆ Future DuckDB: More Iterative SQL Queries

In  pipeline: generalize GHBJK LEM, boost plan iteration ⥀.

      Oûü#û D†° V$¢†£§         ┆    C£"¢•†¶ü#$-Hß§¶$ F†¢•®ß"ßü†#
                               ┆
         620)2 7+\4.           ┆            620)2 7+\4.
       ┌───┬───┬────┐          ┆         ┌──────┬───┬────┐
       │ßß¶│pay│load│          ┆         │¨£"#≠Æ│pay│load│
       ┝━━━┿━━━┿━━━━┥          ┆         ┝━━━━━━┿━━━┿━━━━┥
       │ ░ │ ░ │ ░  │          ┆         │  ░   │ ░ │ ░  │
       │ ░ │ ░ │ ░  │          ┆         │  ░   │ ░ │ ░  │
       ╪═══╪═══╪════╪          ┆         ╪══════╪═══╪════╪
       │ 1 │   │    │          ┆         │  1   │   │    │
       │ 0 │   │    │          ┆         │  0   │   │    │
       │ 3 │   │    │          ┆         │  3   │   │    │
       └─≤─┴───┴────┘          ┆         └──≤───┴───┴────┘
  # of iterations the row      ┆      # of GJBRJ branch in P∞
   remains visible to P∞       ┆     that will process the row
     (“701. 7) 409.”)          ┆       in the next iteration
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