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Cells in living organism maintain their activity by chains of chemical reactions. In Systems Biology, such
interactions of chemical reactions are represented in a network called metabolic pathway. Nowadays, the
analysis of metabolic pathways is an important research topic in Systems Biology. In this paper, we describe

a Domain-Specific Language in Scala for the Analysis of Metabolic Pathways.
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1: import jp.kobe_u.scarabio._
2:

3: val p = Pathway()

4:

5: p.add(CSum() ==> A as "R1")
6: p.add(’P ==> CSum() as "R2")
7: p.add(’E ==> CSum() as "R3")
8: p.add(’A ==> ’B as "R4")

9: p.add(’A ==> °C as "R5")

10: p.add(’A ==> ’D as "R6")

11: p.add(’B <=> ’C as "R7")

12: p.add(’B ==> ’P as "R8")

13: p.add(’C + °D ==> ’E + ’P as "R9")
14: p.add(’D ==> CSum() as "R10")

=
O,

: val esol = EmSolver(p)
: esol.findEM
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CExpr Pathway EmSolver
/ \ compounds: Set [Compound] csp: CcSP
. * 1 | reactions: ~ Set [Reaction] 1 1] satSolver: SatSolver
CTerm Reaction encoder:  Encoder
1 solver:  Solver
1
1
CSum Compound | | IvReaction | |RvReaction Scarab
*|

0 3 Scarabio OO OO0

abstract class CExpr
abstract class CTerm extends CExpr

0 N O O W N

case class Compound(name: String, compartment: String = "c") extends CTerm
case class CSum(coef: Map[Compound, Int]) extends CTerm

abstract class Reaction(l: CSum, r: CSum) extends CExpr
case class IvReaction(l: CSum, r: CSum) extends Reaction(l,r)
case class RvReaction(l: CSum, r: CSum) extends Reaction(l,r)

04 0D0O00O0O0OOOOOOODODO (OO)

000000 Scala00OO0OO0OO0ODOOOOOOOO
000000oo SATOODODOoOOoOOooOoooog
ScarabJ 0000000 OOODOO
e 00O: Scala D DOODODOOODOOODO
0000000 Scarabio DSL, DO OJO0OO0OOO
OO0 ScarabDSL OOODODO
e J00: ScarabDSLOOOOOOOOOOOO
goobooobobooobboooboboo
e J00D: 000OOOOODODODDDDODODODODO
SATOOOODOOO0OO0oOoOOooooood
e JO0O:00D0O0ODOJVMOODOODODOO
gooboooobooooo
O000000 ScarabioO OO OOOOO0OOOOO
000000000000 DSLOOOOScarabO 0O
000 EMOODOOO0ODOODOOODOOODODOOO
gooo

4.1 Scarabio 000
Scarabio 00O OO0OOOOO 300000000
0000000000 (Pathway O OO ) O0OOOO
000 Scarabio DSLOOODOOOOOOOOODO
(Reaction00 D) 0000 (Compound DO O )OO

O000D00O0OEMO0OOOO0O0OO0OOO (EmSolver
O00)000000o0o0oooooOosSATOOOO
0000000000 ScarabD0OODOOOEMOO
gooooooooodooooooooooobooo
Scarabio DSLOOOOOOEMOOOOOOOOO
oobooooobod

4.2 Scarabio DSLOOOOO

0000000000000 000000 ScalaO
gooboobobobo40b00b00ODODOnO
gbooobooobooobooboobooooboobo
goooooooooooooobibooboo 400
oboboooooooboobobouoooboogen
gobsgobooobooobbooobobooo
0000000000000 ScalaOOODOODOO
gboogoboobooboobooboobooo
000000000 BNFOODDOOOOODOOOO
gbobobobooboo
CTerm <=> CTerm

Compound * Int
CSum (Compound * Int, ...)

Reaction ::= CTerm ==> CTerm |
CTerm ::= Compound |
CTerm + CTerm |



RI R2 R3 R4 R5 R6 R7 R8 R9 RI10

1: import jp.kobe_u.scarab.csp._
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9: vald =5
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11:  var bmap = Map.empty[String, Bool]
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