1 The ASCEND IV language syntax and semantics 1

1.1 PRELIMINARIES ...............................................................................2

ASCEND is cAsE sensitive! 2

1.1.1 Punctuation  . . . . . . . . . . . . . . . . . . 2

keywords: 2 Minor items: 2 *3*: 3 *4* 3 *4+* 3 LHS: 3 RHS: 3 Simple Names: 3 Compound names: 3 Groupings: 3 « » 3 (* *) 3 ( ) 3 { } 3 [ ] 4 . 4 .. 4 : 4 :: 4 ; 4

1.1.2 Basic Elements . . . . . . . . . . . . . . . . . 4

Boolean value 4 Integer value 4 Real value 4 Reals stored in SI units 5 Dimensionality: 5 L 5 M 5 T 5 E 5 Q 5 TMP 5 LUM 5 P 5 S 5 C 6 Unit expression 6 Units 6 Symbol Value 7 Sets values 7 Arrays 8

Arrays can be jagged 9 Index variable 9 Label: 9 Lists 10

1.1.3 Basic Concepts . . . . . . . . . . . . . . . . . 10

Instances and types 10 Implicit types 11 Instantiation 11

1.2 DATA TYPE DECLARATIONS .........................................................13

Type qualifiers: 13 UNIVERSAL 13

1.2.1 Models . . . . . . . . . . . . . . . . . . . . . 13

MODEL 13 Simple models: 13 foo 13 bar 14 Parameterized Models 14 column(n,s) 14 flowsheet 14

1.2.2 Sets . . . . . . . . . . . . . . . . . . . . . . 15

Set Declaration: 15 :== 15 Set Operations 15 UNION(list) 15 + 15 INTERSECTION() 15 * 15 Set difference: 16 - 16 CARD(set) 16 CHOICE(set) 16

1.2.3 Constants  . . . . . . . . . . . . . . . . . . . 16

real_constant 16 CONSTANT declaration example: 17 integer_constant 17 symbol_constant 17 boolean_constant 17 Setting constants 17 :== 17

1.2.4 Variables  . . . . . . . . . . . . . . . . . . . 17

ATOM 17 DEFAULT, DIMENSION, and DIMENSIONLESS 18 real 18 integer 18 boolean 18 symbol 18

Setting variables 19 := 19 Tabular assignments 19 DATA 19 20

1.2.5 Relations  . . . . . . . . . . . . . . . . . . . 20

Mathematical expression: 20 Numerical relations 20 Relational operators: 21 =, >=, <=, <, >, <> 21 MAXIMIZE, MINIMIZE 21 Binary Operators: 21 + 21 - 21 * 21 / 21 ^ 21 Unary Operators: 21 - 21 function() 21 Real functions of lists: 21 SUM(list) 22 Empty sum() yields wild 0. 22 PROD(list) 22 Possible future functions: 22 MAX(list) 22 MIN(list) 22

1.2.6 Derivatives in relations (* 4+ *)  . . . . . . . 23
1.2.7 External relations . . . . . . . . . . . . . . . 23
1.2.8 Conditional relations (* 4+ *) . . . . . . . . . 23
1.2.9 Logical relations (*4+*) . . . . . . . . . . . . 23

Logical expression 23

1.2.10 Explanations (* 4+ *)  . . . . . . . . . . . . . 23

1.3 DECLARATIVE STATEMENTS .........................................................24

Statements 24 Compound statements 24 CASE statements coming eventually 24 ASCEND operator synopses: 24 IS_A 24 ALIASES (* 4+ *) 24 WILL_BE (* 4+ *) 24 IS (* 4+ *) 25 ARE_THE_SAME 25 ARE_ALIKE 25 IS_REFINED_TO 25 ARE_CONNECTED (*4+*) 25

FOR/CREATE 25 Operators in detail: 25 IS_A statement 25 ALIASES (* 4+ *) 26 WILL_BE (* 4+ *) 27 IS (* 4+ *) 27 IS_REFINED_TO 27 ARE_THE_SAME 28 ARE_ALIKE 30 ARE_CONNECTED (*4+*) 31 FOR/CREATE 31

1.4 PROCEDURAL STATEMENTS ..........................................................32

METHODS 32 Initialization routines: 32 METHOD 32 Procedural assignment 32 FOR/DO statement 33 IF 33 SWITCH 33 CALL 33 RUN 33 Type access to methods: 34

1.5 MISCELLANY ...................................................................................35

1.5.1 Variables for solvers  . . . . . . . . . . . . . 35

solver_var 35 Attributes: 35 lower_bound 35 upper_bound 35 nominal 35 fixed 35 generic_real 35 Kluges for MILPs 35 solver_semi, solver_integer, solver_binary 36 Kluges for ODEs 36 ivpsystem.lib 36

1.5.2 Supported attributes . . . . . . . . . . . . . . 36

(* 4+ *) 36

1.5.3 Single operand real functions: . . . . . . . . . 36

exp() 36 ln() 37 sin() 37 cos() 37 tan() 37 arcsin() 37 arccos() 37 arctan() 37 erf() 37 sinh() 37 cosh() 37 tanh() 37 arcsinh() 37 arccosh() 37 arctanh() 37 lnm() 37 Discontinuous functions: 38 abs() 38

1.5.4 Logical functions  . . . . . . . . . . . . . . . 38

SATISFIED() (*4+*) 38

1.5.5 Units  . . . . . . . . . . . . . . . . . . . . . 38

1.5.5.1 DEFINE THE SYSTEM UNITS IN SI MKS system 38 1.5.5.2 distance 39 1.5.5.3 mass 39 1.5.5.4 time 40 1.5.5.5 molecular quantities 40 1.5.5.6 temperature 41 1.5.5.7 money 41 1.5.5.8 reciprocal time (frequency) 41 1.5.5.9 area 41 1.5.5.10 volume 41 1.5.5.11 force 42 1.5.5.12 pressure 42 1.5.5.13 energy 42 1.5.5.14 power 42 1.5.5.15 absolute viscosity 43 1.5.5.16 electric charge 43 1.5.5.17 misc. electro-magnetic fun 43 1.5.5.18 numeric constants of some interest 44 1.5.5.19 constant based conversions 45 1.5.5.20 subtly dimensionless measures 45 1.5.5.21 light quantities 45 1.5.5.22 misc. rates 45 1.5.5.23 time variant conversions 45

1.6 GRAMMAR ......................................................................................47

1.6.1 FLEX definitions . . . . . . . . . . . . . . . . 47
1.6.2 YACC definitions . . . . . . . . . . . . . . . . 47