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Egison Documentations~ Libraries- TryltOut~ Math Blog Community

The Egison Programming Language
- Express Intuition Directly with Essentially New Syntax -

Egison is a programming language that features the customizable efficient non-linear pattern-matching facility for non-
free data types.

We can directly represent pattern matching for a wide range of data types including lists, multisets, sets, trees, graphs,
and mathematical expressions.

Egison makes programming dramatically simple!

7+ Extract all twin primes from the infinite list of prime numbers with pattern matching!
(define $twin-primes
‘match-all primes (list integer)
[<join _ <cons $p <cons ,(+ p 2
p (+p 2)11))

i+ Enumerate first 10 twin primes.
take 10 twin-primes

;=>{[3 5] [5 7] [11 131 [17 191 [29 31] [41 43] [59 611 [71 73] [101 103] [107 109]}

& Pattern-Matching-Oriented BB Computer Algebra System A Online Demonstrations

Egison proposes a new paradigm pattern-matching- Egison allows programmers to use tensor index Please try Egison's original features.
oriented. The combination of all of the following notation including the support for differential forms. .
T . . e Pattern Matching
features enables intuitive powerful pattern Egison introduces two types of parameters, scalar Poker Hand
matching. and tensor parameters, and a set of simple index © rokerrands

reduction rules for that. o Mahjong

o Efficiency of the backtracking algoirthm for non- o Twin Primes

linear patterns . 2
Demo: Riemann Curvature Tensor of S » .
e Extensibility of pattern matching Computer Algebra System

e Polymorphisim in patterns o Riemann Curvature Tensor of §2
Tensor Paper on arXiv.org o Hodge Operator of Minkowski Space
Concept of Egison Pattern Matching (5 mins) o Hodge Laplacian of Polar Coordinates

R, https://www.egison.org
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$ brew update
$ brew tap egison/egison
$ brew install egison

Linux, Windows \D1 A RM—)LHRGH,

Haskell PlatformZz 1 > A ~—JL U Tz & I,

$ cabal update
$ cabal install egison
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match-all=x

(match-all-expr) ::= ‘(match-all’ (target) (matcher) (match-clause) ‘)’

(define $twin-primes
(match-all primes (list integer)
[<join _ <comns $p <cons ,(+ p 2) _>>> [p (+ p 2)]]))
(take 6 twin-primes)
;{[3 5] [6 7] [11 13] [17 19] [29 31] [41 43]}
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(match-all {1 2 3} (list integer)
'<cons $x $ts> [x tsl])
; {[1 {2 3}1}

(match-all {1 2 3} (multiset integer)
.<cons $x $ts> [x tsl])
» {01 {2 3}] [2 {1 3}] [3 {1 2}]}

(match-all {1 2 3} (set integer)
[ <cons $x $ts> [x tsl])
» {[1 {1 23} [2 {123} [3 {12 3}}

17
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nil JN\Y—> :ZEQL 73Ny FT 5

cons /Ny =2 LUV aEBEOERSEDOIL VY3 VICcHET S,

List Multiset Set

{[1 {2 331} | |
Applicable only to Lists.

join/IN\—> 1 L7 arvesxEaandLyo>ayEED0IL T

List Multiset Set
tlif 11 2}]

11} 12}] Applicable only to Lists.
11 27 {315

'y
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nil JN\Y—> . ZZEQIL 73 VICNYFIT S5,
cons /N —2 I AL Va3 >VzHdEREEDOOAL IV 3 VI ICH#ET 5.

List Multiset Set

101 {2 3}]1} {[1 {2 3}° {1 {1 2 3}

2 {1 3} 2 {1 2 3}

3 {1 2]} 3 {1 2 311}
join/I\7—> : L VY3 >va2200L7avicntEd 5.

List Multiset Set

tlir 11 2}] 1[{F {1 2}] 1[{F {1 21]

11} 23] {1F {2} {1} {1 2}

11 23 131} 12F {1} 12} {1 2}

{11 2} {}i]1} {1 2} {1 2}]%
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(define $poker-hands
(lambda [$cs]
(match cs (multiset card)
{[<cons <card $s $n>
<cons <card ,s ,(- n 1)>
<cons <card ,s ,(- n 2)>
<cons <card ,s ,(- n 3)>
<cons <card ,s ,(- n 4)>
<nil>>>>>>
<Straight-Flush>]
[<cons <card _ $n>
<cons <card _ ,n>
<cons <card _ ,n>
<cons <card _ ,n>
<cons _
<nil>>>>>>
<Four-of-Kind>|
[<cons <card _ $m>

<cons <card _ ,m>
<cons <card _ ,m>
<cons <card _ $n>
<cons <card _ ,n>
<nil>>>>>>

<Full-House>]
[ <cons <card $s _>
<cons <card ,s _>
<cons <card ,s _>
<cons <card ,s _>
<cons <card ,s _>
<nil>>>>>>
<Flush>]
[<cons <card _ $n>
<cons <card _ ,(- n 1)>
<cons <card _ ,(- n 2)>
<cons <card _ ,(- n 3)>
<cons <card _ ,(- n 4)>
<nil>>>>>>

<Straight>]

NI TF

[<cons <card _ $n>

<cons <card _ ,n>
<cons <card _ ,n>
<cons _
<cons _
<nil>>>>>>

<Three-of-Kind>]
[<cons <card _ $m>
<cons <card _ ,m>
<cons <card _ $n>
<cons <card _ ,n>
<cons _
<nil>>>>>>
<Two-Pair>]
[<cons <card _ $n>
<cons <card _ ,n>
<cons _
<cons _
<cons _
<nil>>>>>>
<One-Pair>]
[<cons _
<cons _
<cons _
<cons _
<cons _
<nil>>>>>>

<Nothing>1})))

are patterns.
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(define $poker-hands
(lambda [ Scs]
(match ¢cs (multiset card)
{[<cons <card $s $n>

<cons <card ,s ,(- n 1)>
<cons <card ,s ,(- n 2)>
<cons <card ,s ,(- n 3)>
<cons <card ,s ,(- n 4)>
<nil>>>>>>

<Straight-Flush>]

<cons <card $n>
<rnnae <cAard N>

21
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(define S$poker-hands
(lambda [S$Scs]
(match cs (multiset card)

<cons <card (S
<cons <card (S
<cons <card (S

<cons <card () (- n 4)>

<nil>>>>>>

<Straight-Flush>]

<cons <card $n>
<rnona <cAard N>

22
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<lI'nree-or-Kind-> |
<cons <card Sm>

<cons <card ,m>
<cons <card _ $n>
<cons <card _ ,n>
<cons
<nil>>>>>>
<Two-Pair>|
l~NANoe “r~avyA Cn~
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<l'nree-or-Kind- |

[<cons <card§:y§@>
<cons <car §:>QE>

Snr

<Ccons <car

<cons <car§%%>

<cons
<nil=so>>>>

<Two-Pailir>]

lFmNMANGCe “mavyA Cn~

Ty

24



EgisonD/\5 —> N v F D45
JNT —> DR
FERRIZINY — 2 ICH T BEERNRINV I NIV F VD
NYFv—IcLBD/INY =2y FDILRE.




FHEREING =2 ICRHT BBV ISV FRVT

ERRINY —> &, BRU/INY —VZEDINY —VRNICERH S BE/NY—>D
ZE=ZE WD,

(match (between 1 n) (multiset integer)
{l<cons $x <cons ,x _>> "Matched"!
[ "Not matched"]})
» Return "Not matched" in 0(nA2).

(match (between 1 n) (multiset integer)
{[<cons $x <cons ,x <cons ,x _>>> "Matched"!
| "Not matched"]})
» Return "Not matched" in 0(nA2).

(match (between 1 n) (multiset integer)
{[<cons $x <cons ,x <cons ,x <cons ,x _>>>> "Matched"]
[_ "Not matched"]})

0 - Return "Not matched" in 0(nA2).
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(define $multiset
(lambda [$al
(matcher

{[<nil> []
{[{} {[]}]
[_ {}]1}]
'<cons $ $> [a (multiset a)!
{[$tgt (match-all tgt (list a)
[<join $hs <cons $x $ts>> [x {@hs @ts}]])]}]
[, $val []
{[$tgt (match [val tgt!] [(list a) (multiset a)l
{Il<nil> <nil>] {l]}]
[<cons $x $xs> <cons ,x ,xs>] {[]}]
[ 1 {31})]1}]
[$ [something]
}§§?tgt {tgt}+]}]

PR "
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(define $multiset
(lambda [$al
(matcher

{[<nil> []
{[{} {[]}]
[ {}]1}]
'<cons $ $> [a (multiset a)l
{[$tgt (match-all tgt (list a)
[<join $hs <cons $x $ts>> [x {@hs @ts}]])]}]
[, $val [
{[$tgt (match [val tgt!] [(list a) (multiset a)l
{Il<nil> <nil>] {l]}]
[<cons $x $xs> <cons ,x ,xs>] {[]}]
[ 1 {31})]1}]
[$ [something]
}§§?tgt {tgt}+]}]

R 29
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(define $multiset

(lambda [$a] Next patterns Next matchers Next targets
(matcher {[1 {2 3}_
([<nil> [T <cons $ $> [a (multiset a)] [2 {1 3}
{{{}r {L1}] 3 {1 2}]1%
[_ {}]}]

'<cons $ $> [a (multiset a)]l

{[$tgt (match-all tgt (list a)

[<join $hs <cons $x $ts>> [x {@hs @ts}]])]}]

[, $val []

{[$tgt (match [val tgt!] [(list a) (multiset a)l
{[[<nil> <nil>] {[]1}]
[<cons $x $xs> <cons ,x ,xs>] {[]}]
[ _1 {}31}3)]1}]

[$ [something]
}{§$tgt {tgt}]}]

)))
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(define $multiset

(lambda [$a] Next patterns Next matchers Next targets
(matcher {[1 {2 3}_
([<nil> [T <cons $ $> [a (multiset a)] [2 {1 3}
{{{}r {L1}] 3 {1 2}]1%
[_ {}]}]

'<cons $ $> [a (multiset a)l

{[$tgt (match-all tgt (list a)

'<join $hs <cons $x $ts>> [x {@hs @ts}t]])]}!

[,$val []

{[$tgt (match [val tgt!] [(list a) (multiset a)l
{[[<nil> <nil>] {[]1}]
[<cons $x $xs> <cons ,x ,xs>] {[]}]
[ 1 {31})]1}]

[$ [something]
}{§$tgt {tgt}]}]

)))
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(define $multiset

(lambda [$a] Next patterns Next matchers Next targets
(matcher {[1 {2 3}_
([<nil> [T <cons $ $> [a (multiset a)] [2 {1 3}
{{{}r {L1}] 3 {1 2}]1%
[_ {}]}]

'<cons $ $> [a (multiset a)l

{[$tgt (match-all tgt (list a)

'<join $hs <cons $x $ts>> [x {@hs @ts}t]])]}!

[,$val []

{[$tgt (match [val tgt!] [(list a) (multiset a)l
{[[<nil> <nil>] {[]1}]
[<cons $x $xs> <cons ,x ,xs>] {[]}]
[ 1 {31})]1}]

[$ [something]
}{§$tgt {tgt}]}]

)))
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(define $multiset

(lambda [$a] Next patterns Next matchers Next targets
(matcher {[1 {2 3}_
([<nil> [T <cons $ $> [a (multiset a)] [2 {1 3}
{{{} {[1}] 3 {1 231}
[_ {}]}]

'<cons $ $> [a (multiset a)]l
{[$tgt (match-all tgt (list a)
[<join $hs <cons $x $ts>> [x {@hs @ts}]])]}]

[, $val []

{[$tgt (match [val tgt! [(list a) (multiset a)l
{[[<nil> <nil>] {[1}]
[<cons $x $xs> <cons ,x ,xs>1 {[1}]
[ _1 {313 1}]

[$ [something]

{[$tgt {tgt}t]}]
})))
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> m])

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> m])

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> ml)

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> ml)

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]1} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> m])

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]1} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> m])

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> m])

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603
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(match-all {2 8 2} (multiset integer) [<cons $m <cons ,m _>> m])

; {2 2}

1 MState {[<cons $m <cons ,m _>> (multiset integer) {2 8 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {8 2}]} env {}

92 MState {[$m integer 8] [<cons ,m _> (multiset integer) {2 2}]} env {}
MState {[$m integer 2] [<cons ,m _> (multiset integer) {2 8}]} env {}

3 MState {[$m something 2] [<cons ,m _> (multiset integer) {8 2}]1} env {}

4 MState {[<cons ,m _> (multiset integer) {8 2}]1} env {[m 2]}
MState {[,m integer 8] [_ (multiset integer) {2}]} env {[m 2]}

O MState {[,m integer 2] [_ (multiset integer) {8}]} env {[m 2]}

6 MState {[_ (multiset integer) {8}]} env {[m 2]}

7 MState {[_ something {8}]} env {[m 2]}

8 MState {} env {[m 2]}

Fig. 1. Reduction path of matching states
https://arxiv.org/abs/1808.10603 42
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(take 8 (match-all nats (set integer) [<cons $m <cons $n _>> [m nll))

; 101 11 [1 2] [2 1] [1 3] [2 2] [3 1] [1 4] [2 3]}

al a:

7

b2 c3‘d4 }2 c3 | d4 \

‘ . e3 c3 | d4

; : 14 g4 *\dz:r
. ® : ! I |
l l h5 i5

h5 16 T

! + j6 | k7 16

6 | k7 n7 Tn‘7_/ - -

v | ! |

m7 IAp; Q8 _pas/ \ q;f \
56 S

Fig. 2. Search tree Fig. 3. Binary reduction tree

Q https://arxiv.org/abs/1808.10603
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1808.10603v1 [cs.PL] 31 Aug 2018

arXiv

Non-linear Pattern Matching with Backtracking
for Non-free Data Types

Satoshi Egi' and Yuichi Nishiwaki?

! Rakuten Institute of Technology, Japan
2 University of Tokyo, Japan

Abstract. Non-free data types are data types whose data have no canon-
ical forms. For example, multisets are non-free data types because the
multiset {a,b,b} has two other equivalent but literally different forms
{b,a,b} and {b,b,a}. Pattern matching is known to provide a handy tool
set to treat such data types. Although many studies on pattern match-
ing and implementations for practical programming languages have been
proposed so far, we observe that none of these studies satisfy all the cri-
teria of practical pattern matching, which are as follows: i) efficiency of
the backtracking algorithm for non-linear patterns, ii) extensibility of
matching process, and iii) polymorphism in patterns.

This paper aims to design a new pattern-matching-oriented program-
ming language that satisfies all the above three criteria. The proposed
language features clean Scheme-like syntax and efficient and extensible
pattern matching semantics. This programming language is especially
useful for the processing of complex non-free data types that not only
include multisets and sets but also graphs and symbolic mathematical
expressions. We discuss the importance of our criteria of practical pattern
matching and how our language design naturally arises from the criteria.
The proposed language has been already implemented and open-sourced
as the Egison programming language.

1 Introduction

Pattern matching is an important feature of programming languages featur-
ing data abstraction mechanisms. Data abstraction serves users with a simple
method for handling data structures that contain plenty of complex informa-
tion. Using pattern matching, programs using data abstraction become concise,
human-readable, and maintainable. Most of the recent practical programming

https://arxiv.org/abs/1808.10603 44
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Loop Patterns: Extension of Kleene Star Operator for More Powerful
Pattern Matching against Arbitrary Data Structures

SATOSHI EGI, Rakuten Institute of Technology, Japan

The Kleene star operator is an important pattern construct for representing a pattern that repeats multiple times. Due to its
simplicity and usefulness, it is imported into various pattern-matching systems other than regular expressions. For example,
Mathematica has a similar pattern construct called the repeated pattern. However, they have the following limitations: (i) We
cannot change the pattern repeated depending on the current repeat count, and (ii) we cannot apply them to arbitrary data
structures such as trees and graphs other than lists. This paper proposes the loop patterns that overcome these limitations.
This paper presents numerous working examples and formal semantics of the loop patterns. The examples in this paper
are coded in the Egison programming language, which features the customizable non-linear pattern-matching facility for
non-free data types.

CCS Concepts: « Software and its engineering — General programming languages;
Additional Key Words and Phrases: loop pattern, repeated pattern, pattern matching, non-linear pattern, backtracking

ACM Reference Format:
Satoshi Egi. 2018. Loop Patterns: Extension of Kleene Star Operator for More Powerful Pattern Matching against Arbitrary
Data Structures. 1, 1 (August 2018), 14 pages. https://doi.org/10.1145/nnnnnnn.nnnnnnn

1 INTRODUCTION

The Kleene star operator [15], sometimes called the repeated pattern [4], is an important pattern construct for

representing a pattern that repeats multiple times. It allows us to represent patterns such as [a, a, . .. ] (repeti-

tion of a), [a,b,a,b, ...] (repetition of [a,b]), and [a,b,a,a,b,...] (repetition of a or b) for lists. Due to its

simplicity and usefulness, it is implemented in various pattern-matching systems. For example, Mathematica [4]

and Racket [19] have the repeated pattern. Domain specific languages such as Parsing expression grammars [14]

and graph query languages such as Cypher [3] and Gremlin [17] also have the Kleene star like operator.
However, the repeated patterns have the following two limitations.

(1) We cannot change the content of the pattern repeated depending on the repeat count.
(2) We can apply the repeated pattern only for lists.

(R, https://arxiv.org/pdf/1809.03252.pdf
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(x (+xvy) (+xvy))
s(+ xA2 (% 2 x y) yN2)

(%% (+ x y) 3)
i (+ xA3 (% 3 xA2 y) (% 3 x yA2) yA3)

(xx (+ x y) 4)
(+ xM (x4 xMN3 y) (% 6 xN2 yA2) (% 4 x yN3) y™M4)

(*x (+ 1 i) 4)
; —4

(sqrt 4)
' 2

(% (sqrt 2) (sqrt 3))
»(sqrt 6)

(% (sqrt 2) (sqrt 6))
(% 2 (sqrt 3))
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HRADEF - cos(0)~2 +sin(@)*2=1,w+w*2=-1, ...

+ (cos B )N2 (sin 6 )12
-1

+ w wA2.
e |

+ (rtu 5) (rtu 5)72 (rtu 5)A73
-1

rtu 5)4
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(define $z (rtu 7)) 2”) i o/ 7+ 214/3i o/ T — 214/3i
(define $all (+ zA1l z76)) COS( 7 ) 6( 1+\/ "
(define $al2 (+ zA2 zAN5))

(define $al3 (+ zA3 z/M4))

(define $b10 (+ all al2 ai13))

(define $b11 (+ all (x w al2) (x wA2 al3)))

(define $b12 (+ al3 (*x w all) (* wA2 a12))):(* w b11l)
(define $b13 (+ al2 (* w al3) (% wA2 all))):(*x wA2 bll)
(define $b14 (+ all (% w al3) (x wA2 al2)))

(define $b15 (+ al2 (*x w all) (*x wA2 a13))):(*x w bl4)
(define $b16 (+ al3 (* w al2) (% wA2 all))):(x wA2 bi4)
(define $b10' b10)

(define $b11' (rt 3 (* bl1l bl2 b13)))

(define $b14' (rt 3 (% bl4 bl5 blé)))

(define $al11' (/ (+ bl0' bll' bl4') 3))

(define $z1' (fst (g-f' 1 (* -1 all1') 1)))
z1'

(/ (+ -1 (rt 3 (+ 14 (* 21 w))) (rt 3 (+ -7 (x -21 w)))

(sqrt (+ -35
(¥ -2 (rt 3 (+ 14 (% 21 w))))
(* -2 (rt 3 (+ -7 (* -21 w))))
21 w)) )2

: (rt 3 (+ 14 (%
; (rt 3 (+ -7 (% -21 w)) )2
; (* 2 (rt 3 (+ 14 (*x 21 w))) (rt 3 (+ -7 (*x -21w)))))))

6) 50
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(define $9/0
(lambda [$f $x]
(match f math-expr
{; symbol
l,x 1]
[?symbol? 0]
function application

[(,exp $g) (x (exp g) (/3 g x))]
1(,log $g) (x (/ 1 g) (9/d g x))]
[(,cos $g) (x (x -1 (sin g)) (a/d g x))]
L (,sin $g) (* (cos g) (8/8 g x)) ]|
L(,sqrt $g) (*x (/ 1 (% 2 (sqrt g))) (a/d g x))!
L(,**x $g $h) (x f (/9 (* (log g) h) x))]
[<apply $g $args>
(sum (map 2#(* (capply ‘(add-user-script g %1) args) (d/d %2 x))

(zip nats args)))!
; quote
[<quote $g>
(let {[$g"' (a/0 g x) ]}
(if (monomial? g')

g
(let {[$d (capply gcd (from- poly '))1}
(x' d '"(map-poly (/' $ d) g )))))]
term (constant)

erm (multiplication)
,1 $fxA$n) (% n (%% fx (- n 1)) (9/9 fx x))]
$a $fxA$n $r)
(+ (* a (/9 (*xx' fx n) x) r)
(x a (xx' fx n) (d/d r x)))]
; polynomial
[<poly $ts> (sum (map (/3 $ x) ts))]
; quotient
[(/ $pl $p2)
(let {[$p1' (a/d pl x)]
[$p2' (a/d p2 x) 1}
}))g/ (- (% pl' p2) (% p2' pl)) (*x p2 2)))]

0
(* _ ,1) 0]
t
*
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(d/d (%% x 2) x)
(% 2 x)

(d/d (x*x a (**x x 2)) x)
(% 2 (xx a xA2) (log a) x)

(d/d (x (cos x) (sin x)) x)
*(+ (* -1 (sin x)”2) (cos x)AN2)

(d/d (/ 1 (+1 (exp (x -1 2)))) z)
:(/ (exp (¥ -1 z)) (+1 (% 2 (exp (¥ -1 z))) (exp (* -1 z))~A2))

(d/d (d/d (log x) x) x)
; (/-1 x/2)
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(define $taylor-expansion
(lambda [$f $x $al
(multivariate-taylor-expansion f [| x |] [| a |])))

(define $multivariate-taylor-expansion
(lambda [%f %xs %as!
(with-symbols {h}
(let {[$hs (generate-tensor 1#h_%1 (tensor-size xs))l}
(map2 *
(map 1#(/ 1 (fact %1)) nats0)
(map (compose 1#(V.substitute xs as %1)
1#(V.substitute hs (with-symbols {i} (- xs_i as_i)) %1))
(iterate (compose 1#(V %1 xs) 1#(V.* hs %1)) f)))))))

PR 53
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(take 4 (taylor-expansion (¥* e (x i x)) x 0))
{1 (*x 1 x) (/ (x -1 xA2) 2) (/ (x -1 1 x°3) 6)}

(take 4 (taylor-expansion (* i (sin x)) x 0))
{0 (* i x) 0 (/ (* -1 i xA3) 6)}

(take 4 (multivariate-taylor-expansion (*x e (+ x y)) [| xy |l [] 0O |]))
1l (+xy) (/ (+x72 (x 2 xy) y?"2) 2) (/] (+ x73 (x 3 xA2 y) (¥ 3 x yN2) yA3) 6)}

(take 3 (multivariate-taylor-expansion (f xy) [| xy [l [] 00 |]))

{(f 0 0)

s (+ (x x (fl]l1 00)) (xy (f]2 0 0)))

s (/ (+ (¢ xA2 (f]1]11 00)) (*x 2 xy (f|1|2 0 0)) (* y?2 (f|2]2 0 0))) 2)}
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Egisonlc T2 T57 YV ILDFRFEE

EgisonTld, "9/0" (BMMEET) " (FYVILONTE) 2EUHET B
BEOREMZ T VVILICX U TORFEEZE> CEEEHATE 5.

%) %)
i _ ] Jjk i
jkl Ik Ix! jl™ mk jk= ml

Formula of Riemann curvature tensor

(define $R~i_j_k_1
(with-symbols {m}
(+ (- (0/0 T~i_j_1 x~k) (0/0 T~i_j_k x~1))
(- (. I'm_j_1 TI'~i_m_k) (. I'm_j_k I'*i_m_1)))))

Egison program that represents the above formula

64



EgisonDFi% -5V

VILDRFEEDT E
o ory, Ay,
Ry =—F— 5 +I70 T
kL™ gxk oyl mi

=N VHERTVVILDORI

R=Table[D[I'[[i,j,11],x[[k1]1] - DLI'CLi,j,kJ11,xC[1]1]]
+Sum[I'[[m, j,11] TC[i,m,k]]
- I'llm, j,k]1] T'C[i,m,1]],
{m,M}],
{i,M},{j,M},{k,M},{1,M}]

WolframE:BIC &2 -~V VHERT VYV IO DFKRIF

(define $R~i_j_k_1
(with-symbols {m}
(+ (- (0/0 T~i_j_1 x~k) (0/0 T~i_j_k x~1))
(- (. Im_j_1 TI'~i_m_k) (. I'm_j_k I'~i_m_1)))))

Egisonlc &2 U =Y VHIET >V VILDORTNDERIR

65



EgisOnNICc K3 RFEEZ 7OV IV JICEAT B IHDAE
A 2BEICHFET 5

|II.IJ|\
>I->I-

- TVVIVDRT & & ITUIEAVE

mu

BTV Y TS NENEEE

e.g. “+”, “_”, “*”, “/“, “a/a”, “min”, “maX”, o

- TV IILZEEFDZ

Fo5|HE UTEBIREZRBIK
eg. 7VVILAITOMNFTE, THIRXDEE, ..

7\\

Z (D 27&: EO)B@"‘QOD X UTC, EFITRFOENRNZEERT D&, "NFiLE

R




EgisonDFix% - TV VILDRFELEDEA (ZD1)

REIBDIEERIC'S DTN TWDIEE, TYVILDOEmD S EIC

WIBNY Y TEN5.
(define $min (lambda [$x $y] (if (less-than? x y) x y)))

A7 —IR5IEDEE L TminBE D FEE

RS EDITEIC" D" DTN TWBIES TUYVILAZFDEE

S| IEE NS,

(define $. (lambda [%t1 %t2] (contract + (x t1 t2))))

TV VRO E LT "BEEDER
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(define $min (lambda [$x $y] (if (less-than? x y)

AN Z7—IR518DHEE U TminBEE D ERE

1 10 min(1,10) min(1,20) min(1,30)
min((Z) : (20) ) = (min(z, 10) min(2,20) min(2, 30)) =
1 l]

3/. \30 j min(3,10) min(3,20) min(3,30)

N

EDRFZFTFONT MLADOmMInERDEH

3/. \30/, min(3,10) min(3,20) min(3,30)

B URFEERFEDONT NILADOmMINBEE D E

X Y¥)))

w DN =
w DN =

L

1 10 min(1,10) min(1,20) min(1,30) min(1, 10) 1
min((Z) : (20) ) = (min(z, 10) min(2,20) min(2, 30)) = (min(z, 20)) = (2)
; . \min(3,30)/. \3/.
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(define $. (lambda [%t1 %t2] (contract + (* t1 t2))))

TV IR O & LT "BE-DES

(1\" (10) (10 20 30\’
2] -120| = contract(+,[20 40 60| ) =10+ 40 + 90 = 140
\3/ \30/, \30 60 90/

1\ (10) 10y (10)

2| -120] = contract(+,]40]) =140

\3/. \30/. \90/.  \90/.
(1\ [10) (10 20  30) (10 20 30\
2| -120]| =contract(+,]20 40 60] )=|[20 40 60
\3/; \30/]. \30 60 90)l.j \30 60 90)1.1.

ROV WBBRRFOEAEDEDNRY NLADER
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;1 Coordinates for sphere
(define $x [|6 o |])

(define $X [|(x r (sin 6) (cos ¢)) ; = x
(*x r (sin 6) (sin ¢)) ; =y
(*x r (cos 6)) =z
| |

)

*» Local basis
(define $e ((flip a/d) x~# X_#))

** Metric tensor
(define $g__ (generate-tensor 2#(V.* e_%1 e_%2) {2 2}))
(define $g~~ (M.inverse g_#_#))

7+ Christoffel symbols of the first kind
(define $I_i_j_k
(* (/1 2)

7+ Christoffel symbols of the second kind
(define $I~__ (with-symbols {i} (. g~#~i I_i_#_#)))

** Riemann curvature tensor
(define $R~i_j_k_1
(with-symbols {m}

(+ (- (9/0 T~1

_]

0 x_k) (/o T~i_j_k x_1))
(- (. ~m

ol x
L M~i_mk) (. T=m_j_k F'~i_m_1)))))

https://commons.wikimedia.org/wiki/
File:Triangles_(spherical_geometry).jpg

https://www.egison.org/math/riemann-curvature-tensor-of-S2.html
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*» Parameters

define $x [|6 ¢ |])

define $X [|(* r (sin 6) (cos ¢)) ;
(x r (sin 6) (sin ¢@)) ;
(x r (cos 6)) ;=
| 1)

* Local basis

define $e ((flip 9/3) x~# X_#))

[|[[](* r (cos 6) (cos ¢)) (x r (cos 6) (sin ¢)) (x -1 r (sin 6)) |]
[|(* -1 r (sin 6) (sin ¢)) (* r (sin 6) (cos ®)) 0 |]
| 1_#~#

https://www.egison.org/math/riemann-curvature-tensor-of-S2.html
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'
»» Metric tensor

I 1

(define $g__ (generate-tensor 2#(V.* e_%1 e_%2) {2 2}))
(define $g~~ (M.inverse g_# #))

g_#_#;[|
g~#~#; |

[| r22 0 |1 [| @ (% rA2 (sin 6)72) |1 |1 _#_#
[| (/1 rA2) O |] L[] @O (/1 (*x rA2 (sin 6)72)) |1 |]1~#~#

G https://www.egison.org/math/riemann-curvature-tensor-of-S2.html
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ik = 5 Gxk T axi o)

v+ Christoffel symbols of the first kind

r I

(define $T _j_k_1

x (/1 2)
(+ (d/d g_j_1 x_k)
(d/d g_j_k x_1)
* -1 (d/d g_k_1 x_j)))),
F_1##;[| [| 00 |1 L[] 0 (x -1 rA2 (sin 6) (cos 6)) |1 |1_#_#
r_2_# #0| [| 0 (*x rA2 (sin 6) (cos 6)) |1 [| (% rA2 (sin 6) (cos 6)) 0 |1 |1_#_#

G https://www.egison.org/math/riemann-curvature-tensor-of-S2.html

74



B_REI7UVANY T IS - BRE

1]
k1 = 9" Liki

;7 Christoffel symbols of the second kind

I

(define $T~__ (with-symbols {i} (. g~#~i I_i_# #)))
C~1_# #;[| [| 00 |] [|] @ (* -1 (sin 6) (cos 6)) |1 |1_#_#
F~2_#_#;[| [| © (/ (cos 6) (sin 6)) |] [| (/ (cos 6) (sin 6)) 0 |] |1_#_#

G https://www.egison.org/math/riemann-curvature-tensor-of-S2.html
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'
** Riemann curvature tensor

- .
r1I

(define $R~i_j_k_1
(with-symbols {m}
(+ (- (9/0 T~ _

3.1 x k
(- (. T~m_j_ 1 I~

) (9/0 T~i_j k x_1))
k) (. T mjk IT’'im1)))))

R~ #.1.1: 00 |1[| 00 |] |I~#_#

R~# # 1 2: 0 (x -1 (sin 6)72) |1 [| 10 |] |1~#_#
R~# # 2 1: 0 (sin 6)72 |1 [| -1 0 |] |1~#_#

R~ # 2 2: 00 |1[] 00 |1 |1~#_#

G https://www.egison.org/math/riemann-curvature-tensor-of-S2.html
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'
** Ricci curvature
'

(define $Ric__ (with-symbols {i} (contract + R~i_# i_#)))

Ric_#_#;[| [| 10 |1 [| 0 (sin 6)72 |] |]_#_#

'
**» Scalar curvature
'

(define $scalar-curvature (with-symbols {j k} (. g~j~k Ric_j_k)))

scalar-curvature:(/ 2 r/A2)

G https://www.egison.org/math/riemann-curvature-tensor-of-S2.html
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»» Parameters
define $x L[|t r 6 ¢|

** Metric tensor

define $g__
| [ '(- (*xcN2r) (*x2GM * ¢cN2r)) 00O |
o (/ -1 () "(-(*xc™2r) (x2GM * cN2r 0 0 |
0 0 (x -1 r"2) 0 |
O 00 (x -1 rAN2 (sin 6)/72) |

|
define $g~~ (M.inverse g_#_#

7+ Christoffel symbols of the first kind

define $I_j_k_1 https://commons.wikimedia.org/wiki/File:Spacetime_lattice_analogy.svg
* (/12
+ (d/0d g_j_k x_1
d/d g_j_1 x_k
* -1 (d/d g_k_1 x_j
77 Christoffel symbols of the second kind
define $I~__ (with-symbols {i gl T_i # #

»+ Riemann curvature tensor
define $R~i_j_k_1
with-symbols im

expand-all (+ (- (9/0 x_k) (9/0 T~i_j_k x_1

m_k o m_j_k I"'~1i_m_1

G https://www.egison.org/math/riemann-curvature-tensor-of-Schwarzschild-metric.html 78
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Scalar and Tensor Parameters for Importing Tensor Index Notation
including Einstein Summation Notation

SATOSHI EGI, Rakuten Institute of Technology

In this paper, we propose a method for importing tensor index notation, including Einstein summation notation, into func-
tional programming. This method involves introducing two types of parameters, i.e, scalar and tensor parameters, and sim-
plified tensor index rules that do not handle expressions that are valid only for the Cartesian coordinate system, in which the
index can move up and down freely. An example of such an expression is “c = A;B;”. As an ordinary function, when a tensor
parameter obtains a tensor as an argument, the function treats the tensor argument as a whole. In contrast, when a scalar
parameter obtains a tensor as an argument, the function is applied to each component of the tensor. In this paper, we show
that introducing these two types of parameters and our simplified index rules enables us to apply arbitrary user-defined
functions to tensor arguments using index notation including Einstein summation notation without requiring an additional
description to enable each function to handle tensors.

CCS Concepts: » Software and its engineering — General programming languages; « Mathematics of computing
— Computations on matrices;

Additional Key Words and Phrases: tensor, index notation, Einstein summation notation, scalar parameters, tensor parame-
ters, scalar functions, tensor functions

ACM Reference format:

Satoshi Egi. 2017. Scalar and Tensor Parameters for Importing Tensor Index Notation including Einstein Summation Notation.
1, 1, Article 1 (August 2017), 18 pages.

https://doi.org/10.1145/nnnnnnn.nnnnnnn

1 INTRODUCTION

Tensor analysis is one of the fields of mathematics in which we can easily find notations that have not been
imported into popular programming languages [6, 13]. Index notation is one such notation widely used by
mathematicians to describe expressions in tensor analysis concisely. This paper proposes a method for importing
it into programming.

Tensor analysis is also a field with a wide range of application. For example, the general theory of relativity is
formulated in terms of tensor analysis. In addition, tensor analysis plays an important role in other theories in
physics, such as fluid dynamics. In fields more familiar to computer scientists, tensor analysis is necessary for
computer vision [7]. Tensor analysis also appears in the theory of machine learning to handle multidimensional
data. The importance of tensor calculation is increasing day by day even in computer science.

Concise notation for tensor calculation in programming will simplify technical programming in many areas.
Therefore, it is important to develop a method for describing tensor calculation concisely in programs.
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Mo el (ZD2)

7y IE(A) c A (d) - AEBE(Q) « TRy VIERRF)EWSERSNARL —F —ZHH
BHhET, EREDOEERTREZZZAIICADIIDMOARERRZECRT .
NS5 DOEAZEIE, grad - rot - divD—RILTHH 5.

grad = d
rot=d

5= (-1)*d*
div=20

A= dd+dd

BIZROEEZEZ5E, BEDRMOATEDNZR/TSIENTES.
Ry VERRDOAER EZERDEEICKEFLTWVWS.
R




Mo DEEEDFormuran nE A 0 Ehi

MBI 2 L— a3 VIicfEFN2MoARBERADEZL L, ThHILNEZEZRUUANDEE
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1
A =dod+ 6d uxx+uyy=urr+(—)ur+(

(define $N 2)
(define $x [|r 6]])

(define $g__ [| [ 10 |1 [|] @ r~2 |] |])
(define $g~~ (M.inverse qg_#_#))

(define $A
(lambda [%A]
(match (df-order A) integer
{[,o0 (0 (d A))]
1,2 (d (0 A))I
_(+(d (6 A)) (0 (dA)))IF)))

(define $f (function [r 61))
(A )
(/ (+ (x -1 f16|6) (x -1 r f|r) (*x -1 rA2 f|r|r)) rA2)

Q https://www.egison.org/math/hodge-laplacian-polar.html
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In [22]:

with—symbo]_s i ] MBS SEE2017FE1B5E &
+ (/0 u t
Lie u u
* (/ -1 2) (d (. g~i~j u i u j
* (/1 - (d * A u
0 P Ll
(3u1 6u1 (3u1 6u1 op 62u1 02u1 02u1
p+u2 dy p+u3 0z p+u1 ?p'i_ —1 P _T] —'1 2y
p
ou, ou, ou, oy ogp  Puy,  Puy P,
——Ptu; —ptu; — = p+u2Fp+——'r] 7 -1 o -1 >
p
(3u3 du3 0u3 du3 62 Ug 62 Uy 62 Us
—P+u —p+u2 > Ptu, — > p+— M =, -1 e -1 =
p

BRDE

R R R
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Karczmarczuk, J. : Functional Coding of Differential Forms (1999)
Sussman, G. J. and Wisdom, J. : Functional Differential Geometry (MIT
Press, 2013)

EgisonDfl &=
- K DGRRBERT, MO ERDEHDEREF2ERIT STLHEHAZIERELTVS,

- FUYVILOFRERELRABICYR—MLTED, FYVILEEICEZMATRE
RZ3.
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‘define (exterior-derivative-procedure kform
let ((k (get-rank kform)
if (fix:= k 0
differential-of-function kform)
let ((the-k+1form
‘lambda vectors
‘assert (fix:= (length vectors) (fix:+ k 1
‘lambda (point)
let ((n (s:dimension point
if (fix:< k n
sigma
lambda (i)
let ((rest (delete-nth i vectors)
+ (x (if (even? i) +1 -1
ref vectors i) (apply kform rest
point
sigma
lambda (j
* (if (even? (fix:+ i j +1 -1
apply kform
cons
commutator (ref vectors i
ref vectors j
7+ Jj-1 because already deleted i.
delete-nth (fix:- j 1
rest
point
fix:+ 1 1) k
0 k
0
procedure->nform-field the-k+lform
“(d ,(diffop-name kform
fix:+ (get-rank kform) 1

.define exterior-derivative
make-operator exterior-derivative-procedure
'd
'exterior-derivative))

‘define d exterior-derivative

Sussman, G. J. and Wisdom, J. : Functional Differential Geometry (MIT Press, 2013)

R

define $d
lambda | %X

flip d/d) params X

Egison
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B EINTETVVILDRZFICDOWTDETDIL—ILZEYIICEREIT NI, TV
@//J\\%EE/ZE%—:%J\LJL—_ZEE 31’9 “DEX Tﬂﬁj\ﬂ/ﬁ@aaxfb%‘:]\—é‘gé.

oo, or,
l _ myi m i l —_—
Rjkl B Oxk 63( r F F r “ Q da) + a)k A\ a)
) =Y VHERTVVILDOAT, HHEXTE R D AT
(+ A B) 774 )L~ CRCRZOEAE DT ERES 5.

(+ A t1 t2 B t1 t2)

'(+ A B) I AEEEADRICAIE N T WS, BILOD
(+ A_T1_t2 B_t3_t4) EE e

R, 88
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(define $N 3)
(define $params |
(define $g [| []

}_\—
S X

o110 |l [joo1|] |])

(define $wedge
(lambda [%X %Y
1. XY)))

(define $dx [| 1 0 0 |])
(define $dy [| 0 1 0 |])
(define $dz [| 0 0 1 |])

(wedge dx dy)
[l [J]o10(|]1[loo0o0|]l[lo0o |]]|]

(df-normalize (wedge dx dy))
L [be(/12)e0 |11 (/-12)00 |][]00oo|]|]

(wedge dz dz)
[| []ooo |][|]ooo |]l][loo1]] |l

(df-normalize (wedge dz dz))
[ [J]ooo |I[J]ooo |]l[l0oo0oo |]|]

R, https://www.egison.org/math/wedge-product.html 89
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(define $N 3)
(define $params [| x
(define $g [| [| 1 0

(define $d
(lambda [%X!
1 ((flip 0/d) params X)))

(define $f (function [x vy zl))

(d f)
L fix fly flz |]

(df-normalize (d (d f)))
[| [|] 000 |][|]OoOO|]I[|lOOO/|] |]

Q https://www.egison.org/math/exterior-derivative.html

o010 |1l [Jo0o1]|] |])
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(define $¢
(lambda [%X %Y.
(with-symbols {i}

(¥ (df-order Y) (. X...~1 (df-normalize Y)...

(define $Lie
(lambda [%X %
‘match (df- order Y ~1integer
11,0 (¢ X d Y)

of ' | ) | ) % 1 " T ) 3
i W W [y N | 0 i W
! ||' L IEI |', I | ||" ,l, [
% h o ” K h J f

RS w . o EY Y

_1)))))
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(define $N 3)
(define $params [| xy z |])
(define $g [| [ 100 |1 [Jo10 |l []Joo1]|]|])
(define $hodge

(lambda [%A]

(let {[$k (df-order A)l}
(with-symbols {i j}
(¥ (sqrt (abs (M.det g_#_#)))
(foldl . (. (subrefs A (map 1#j_%1 (between 1 k)))
(subrefs (&' N k) (map 1#i_%1 (between 1 N))))

(map 1#g~li_%1]~[j_%1] (between 1 k))))))))

(define $dx [| 1 0 0 |]) | o .
532?122 gg)z/ 1001 % X = o 1o V1@, g7 g A e A

https://ncatlab.org/nlab/show/Hodge+star+operator

(hodge dx)
L[] [|] o000 |] [|]0oo1]|]]l[]ooo|] |]=(wedge dy dz)

(hodge (wedge dx dy))
[| 00 1 |] = dz

Q https://www.egison.org/math/hodge-E3.html 92



Egisonic &Ky VIERARDEEETE (S 7 AF—2H)

(define $N 4)
(define $params [| t xy z |])
(define $g [| [| -1 000 |l [|J0100 |l [J0010|]l[Jl00oo1]|]l ]

(define $hodge
(lambda [%A]
(let {[$k (df-order A)l}
(with-symbols {i j?}
(¥ (sqrt (abs (M.det g_# #)))
(foldl . (. (subrefs A (map 1#j_%1 (between 1 k)))
(subrefs (&' N k) (map 1#i_%1 (between 1 N))))
(map 1#g~li_%1!~[j_%1! (between 1 k))))))))

(define $dt [| 1 0
(define $dx [| 0 1
(define $dy [| 0 0
(define $dz [| 0 O

L I I ] L ]
Mo o o oo Peo o b

wedge dy dz))
00 |][|]oooo0o|][J]oooo |][]O00OOO]|] |] = (wedge dt dx)

Q https://www.egison.org/math/hodge-minkowski.html 93
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Pattern-Matching Papers:

S. Egi, Y. Nishiwaki: Non-linear Pattern Matching with Backtracking for Non-free Data
Types (APLAS 2018) https://arxiv.org/pdf/1808.10603.pdf

S. Egi: Loop Patterns: Extension of Kleene Star Operator for More Expressive Pattern
Matching against Arbitrary Data Structures (Scheme Workshop 2018) https://arxiv.org/pdf/
1809.03252.pdf

Tensor Papers:

S. Egi: Scalar and Tensor Parameters for Importing Tensor Index Notation including
Einstein Summation Notation (Scheme Workshop 2017) https://arxiv.org/pdf/
1702.06343.pdf
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Egison Workshop 2018

Egison FF*axXrb- 477U+ TE- HA0NE
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Egison Workshop 2018@3RRKF ANE+ v+ /N AEZETFE
(2018/1/23(s& - ¥t H) 13:00-18:00)
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(define $multiset
(lambda [$a]

(matcher

{l<nil> 1 {I{O3 {013 [_ {3}]1}]

[<cons $ $> [a (multiset a)]
{[$tgt (match-a11 tgt (list a)

[<join $hs <cons $x $ts>>

(defineaﬁwitiset [ x (append hs ts)1]1)13}]
(1ambda [$al [ ’ $val []

(matcher

([<nil> [1 ([0} (01N
\ {[$tgt (match [val tgt] [(list a) (multiset a)]

[<cons $ $> [a (multi

t tch-all *- i :
{[$tgt "E‘ijg’;na;i {[[<nil> <nil>] {[]1}]
[x (appe [[<cons $x $xs> <cons ,x ,xs>] {[1}]

[,$val [] [[_ _] {}31})11}]

{[$tgt (match [va

{[[<nil> ~ [$ [something] {[$tgt {tgt}]1}]1})))

[[<cons $x $xs> <cons X X3~
e 21 (311
[$ [something] {[$tgt {tgt}]1}1})))
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