Implemen ting a Python to Sc heme Compiler Daniel P .M. Silv a April 26, 2004 Abstract This pap er describ es a Python-to-Sc heme compiler. The compiler translates Python co de in to its Sc heme equiv alen t and pro vides a run- time system to mo del the Python en vironmen t. The generated Sc heme co de ma y b e ev aluated or used b y DrSc heme to ols, giving Python pro- grammers access to the en tire DrSc heme suite while writing in their fa v orite language, and giving Sc heme programmers access to Python libraries. 1 In tro duction Programming languages are to ols wielded b y soft w are dev elop ers. This pap er describ es a compiler that translates one suc h language, Python, in to another, MzSc heme. The translator allo ws Python dev elop ers to use PL T’s soft w are dev elopmen t to ols and pro vides Sc heme dev elop ers access to the ric h Python run time system. Section 2 will presen t the necessary bac kground for the pro ject, follo w ed in section 3 b y the BNF grammar used b y the compiler. Finally , the fourth section will describ e the curren t implemen tation of the compiler. 2 Bac kground The Python programming language [1] w as designed b y Guido v an Rossum in the early 1990s as a descendan t of the ABC programming language, whic h w as a teac hing language created b y v an Rossum in the early 1980s. It includes a sizeable standard library , p o w erful primitiv e 1

2 BA CK GR OUND Figure 1: PL T Sc heme partial language hierarc h y data t yp es, and a self-do cumen ting system based on the language’s emphasis on readabilit y of source text. It is in terpreted b y a few dif- feren t programs: C-Python [2], curren tly the most widely used in ter- preter for the Python programming language, is implemen ted in the C language. Another Python in terpreter, Jython [3], is written in Ja v a. The compiler this pap er describ es serv es as y et another in terpreter; it is written in MzSc heme. MzSc heme [4] is an in terpreter for the MzSc heme programming language [5], whic h is a dialect of the Sc heme language [6]. MzSc heme compiles syn tactically v alid MzSc heme language programs in to the MzSc heme Core language, a subset of the MzSc heme language, b efore compiling the core language in to an in ternal b yteco de represen tation for ev aluation. MrEd [7] is a graphical user in terface (GUI) to olkit that builds on the MzSc heme in terpreter and w orks uniformally across sev eral platforms, namely Windo ws, Mac OS X, and the X Windo w System. Originally mean t for Sc heme, DrSc heme [8] is an in tegrated de- v elopmen t en vironmen t (IDE) based on MzSc heme|it is a MrEd application|with supp ort for em b edding third-part y extensions. Dr- Sc heme pro vides dev elop ers with useful and mo dular dev elopmen t to ols, suc h as syn tax or o w analyzers, whic h accept the MzSc heme Core language as their input. Because the in ternal DrSc heme data structures represen ting MzSc heme co de also store source �le lo cation, an y reference b y a dev elopmen t to ol or the MzSc heme in terpreter to 2

3 GRAMMAR the Core co de can b e mapp ed bac k to a reference to the original pro- gram text. DrSc heme is no longer a dev elopmen t en vironmen t only for Sc heme. It can no w p oten tially pla y the role of a program dev elopmen t en viron- men t for an y language, whic h users can select from a men u (Figure 2). When using an y language from within the IDE, the program dev elop er ma y use all of DrSc heme’s dev elopmen t to ols, suc h as Syn tax Chec k, whic h c hec ks a program’s syn tax and highligh ts its bindings (Figure 3), or MrFlo w, whic h analyses a program’s p ossible o w of v alues. Also, an y new to ol added to the DrSc heme IDE will automatically w ork with all languages that DrSc heme no w supp orts (Figure 4). T o supp ort a new language, ho w ev er, DrSc heme needs soft w are to translate programs written in the new language in to MzSc heme. In the case of adding Python supp ort to DrSc heme, this is the task of the Python-to-Sc heme compiler. The compiler is pac k aged as a DrSc heme language to ol, th us in tro ducing Python as a language in DrSc heme’s graphical list of c hoices (Figure 2). This pap er describ es the comp onen ts that comprise the compiler. Section 3 presen ts the Python grammar used in this implemen tation. Section 4 describ es the implemen tation itself. 3 Grammar This section presen ts the grammar for Python programs curren tly supp orted b y the Python-to-Sc heme compiler. The starting non-terminal is usually h �le input i (3.1.1), but h eval input i (3.1.2) is used instead b y the eval function. If a non-terminal is named h nonterm list plus i , it is assumed that it de�nes the regular expression nonterm+ , while h nonterm list i usu- ally de�nes the regular expression nonterm* , though it migh t b e (non- term ,)* as w ell. The empt y string is represen ted b y " . 3.1 Program 3.1.1 �le input This non-terminal is the result of the parser in the follo wing situations: � when parsing a complete Python program (from a �le or from a string); 3

3 GRAMMAR 3.1 Program Figure 2: DrSc heme language selection men u 4

3 GRAMMAR 3.1 Program Figure 3: Syn tax Chec k and Sc heme Figure 4: Syn tax Chec k and Python 5

3 GRAMMAR 3.2 Statemen ts � when parsing a mo dule; � when parsing a string passed to the exec statemen t. h �le input i ::= " j h �le input i NEWLINE j h �le input i h stmt 3.2.1 i 3.1.2 ev al input Ev al Input is used b y the Python eval and input functions. Only expressions (3.3.1), p ossibly follo w ed b y newlines, are allo w ed. h eval input i ::= h tuple or test 3.3.1 i j h eval input i NEWLINE 3.2 Statemen ts 3.2.1 stm t h stmt i ::= h simple stmt 3.2.2 i j h c omp ound stmt 3.2.25 i Simple statemen ts (3.2.2) span a single line (no new inden tation lev els). Comp ound statemen ts (3.2.25) ma y span m ultiple lines. 3.2.2 simple stm t h simple stmt i ::= h smal l stmt 3.2.3 i NEWLINE j h smal l stmt 3.2.3 i ‘ ; ’ NEWLINE j h smal l stmt 3.2.3 i ‘ ; ’ h simple stmt i 3.2.3 small stm t h smal l stmt i ::= h expr stmt 3.2.4 i j h print stmt 3.2.7 i j h del stmt 3.2.8 i j h p ass stmt 3.2.9 i j h ow stmt 3.2.10 i j h imp ort stmt 3.2.16 i j h glob al stmt 3.2.22 i 6

3 GRAMMAR 3.2 Statemen ts j h exe c stmt 3.2.23 i j h assert stmt 3.2.24 i 3.2.4 expr stm t h expr stmt i ::= h test 3.3.3 i h augassign 3.2.6 i h tuple or test 3.3.1 i j h testlist list plus 3.2.5 i An expression statemen t consists of either a m utativ e op eration or a h testlist list plus i (3.2.5). 3.2.5 testlist list plus h testlist list plus i ::= h tuple or test 3.3.1 i j h tuple or test 3.3.1 i ‘ = ’ h testlist list plus i A h testlist list plus i is an assignmen t or an expression (3.3.1) whic h will b e displa y ed in the output of the in terpreter. 3.2.6 augassign h augassign i ::= ‘ += ’ j ‘ -= ’ j ‘ *= ’ j ‘ /= ’ j ‘ %= ’ j ‘ &= ’ j ‘ |= ’ j ‘ ^= ’ j ‘ <<= ’ j ‘ >>= ’ j ‘ **= ’ j ‘ //= ’ 3.2.7 prin t stm t h print stmt i ::= ‘ print ’ h test list 3.3.4 i j ‘ print ’ ‘ >> ’ h test list 3.3.4 i F rom the Python Reference [1], section 6.6: print has an extended form, sometimes referred to as \prin t c hevron." In this form, the �rst expression after the >> 7

3 GRAMMAR 3.2 Statemen ts m ust ev aluate to a \�le-lik e" ob ject, sp eci�cally an ob ject that has a write metho d, or None . 3.2.8 del stm t See the Python Reference [1], section 6.5. h del stmt i ::= ‘ del ’ h tar get tuple or expr 3.3.34 i 3.2.9 pass stm t h p ass stmt i ::= ‘ pass ’ 3.2.10 o w stm t A o w statemen t directs or mo di�es program o w. h ow stmt i ::= h br e ak stmt 3.2.11 i j h c ontinue stmt 3.2.12 i j h r eturn stmt 3.2.13 i j h r aise stmt 3.2.14 i j h yield stmt 3.2.15 i 3.2.11 break stm t h br e ak stmt i ::= ‘ break ’ F rom the Python reference [1], section 6.10: break ma y only o ccur syn tactically nested in a for or while lo op, but not nested in a function or class de�nition within that lo op. 3.2.12 con tin ue stm t h c ontinue stmt i ::= ‘ continue ’ F rom the Python reference [1], section 6.11: continue ma y only o ccur syn tactically nested in a for or while lo op, but not nested in a function or class de�nition or try statemen t within that lo op. 8

3 GRAMMAR 3.2 Statemen ts 3.2.13 return stm t h r eturn stmt i ::= ‘ return ’ h tuple or test 3.3.1 i j ‘ return ’ F rom the Python reference [1], section 6.7: In a generator function (see 3.2.15), the return statemen t is not allo w ed to include an expression list (3.3.1). In that con text, a bare return indicates that the generator is done and will cause StopIteration to b e raised. 3.2.14 raise stm t h r aise stmt i ::= ‘ raise ’ j ‘ raise ’ h test 3.3.3 i j ‘ raise ’ h test 3.3.3 i ‘ , ’ h test 3.3.3 i j ‘ raise ’ h test 3.3.3 i ‘ , ’ h test 3.3.3 i ‘ , ’ h test 3.3.3 i F rom the Python reference [1], section 6.9: raise ma y ha v e up to three argumen ts, the �rst b eing the t yp e of the exception, the second b eing its v alue, and the third b eing a tracebac k. 3.2.15 yield stm t (NOT YET IMPLEMENTED) h yield stmt i ::= ‘ yield ’ h tuple or test 3.3.1 i F rom the Python reference [1], section 6.8: The yield statemen t is only used when de�ning a generator function, and is only used in the b o dy of the generator function. Using a yield statemen t in a function de�nition is su�cien t to cause that de�nition to create a generator function instead of a normal function. 3.2.16 imp ort stm t h imp ort stmt i ::= h imp ort stmt1 3.2.17 i j ‘ from ’ h dotte d name 3.2.21 i ‘ import ’ ‘ * ’ j ‘ from ’ h dotte d name 3.2.21 i ‘ import ’ h imp ort stmt2 3.2.18 i See the Python reference [1], section 6.12. 9

3 GRAMMAR 3.2 Statemen ts 3.2.17 imp ort stm t1 h imp ort stmt1 i ::= ‘ import ’ h dotte d as name 3.2.20 i j h imp ort stmt1 i ‘ , ’ h dotte d as name 3.2.20 i 3.2.18 imp ort stm t2 h imp ort stmt2 i ::= h imp ort as name 3.2.19 i j h imp ort as name 3.2.19 i ‘ , ’ h imp ort stmt2 i 3.2.19 imp ort as name h imp ort as name i ::= h ident 3.3.38 i NAME h ident 3.3.38 i j h ident 3.3.38 i 3.2.20 dotted as name h dotte d as name i ::= h dotte d name 3.2.21 i NAME h ident 3.3.38 i j h dotte d name 3.2.21 i 3.2.21 dotted name h dotte d name i ::= h ident 3.3.38 i j h ident 3.3.38 i ‘ . ’ h dotte d name i 3.2.22 global stm t h glob al stmt i ::= ‘ global ’ h ident 3.3.38 i j h glob al stmt 3.2.22 i ‘ , ’ h ident 3.3.38 i F rom the Python reference [1], section 6.13: The global statemen t means that the listed iden ti�ers are to b e in terpreted as globals. Names listed in a global state- men t m ust not b e used in the same co de blo c k textually preceding that global statemen t (not y et implemen ted). Names listed in a global statemen t m ust not b e de�ned as formal parameters or in a for lo op con trol target, class de�nition, function de�nition, or imp ort statemen t (not y et implemen ted). Programmer’s note: the global is a directiv e to the parser. It applies only to co de parsed at the same time as the global statemen t. In particular, a global statemen t con tained in 10

3 GRAMMAR 3.2 Statemen ts an exec statemen t do es not a�ect the co de blo c k con taining the exec statemen t, and co de con tained in an exec state- men t is una�ected b y global statemen ts in the co de con- taining the exec statemen t. The same applies to the ev al(), exec�le() and compile() functions. F or example, in: exec "global x" x = 2 the generated co de will de�ne a new x , not mo dify an ex- isting one. 3.2.23 exec stm t (NOT YET IMPLEMENTED) h exe c stmt i ::= ‘ exec ’ h expr 3.3.12 i j ‘ exec ’ h expr 3.3.12 i ‘ in ’ h test 3.3.3 i j ‘ exec ’ h expr 3.3.12 i ‘ in ’ h test 3.3.3 i ‘ , ’ h test 3.3.3 i See the Python reference [1], section 6.14. 3.2.24 assert stm t h assert stmt i ::= ‘ assert ’ h test 3.3.3 i j ‘ assert ’ h test 3.3.3 i ‘ , ’ h test 3.3.3 i F rom the Python reference [1], section 6.2: The simple form, \ assert expression ", is equiv alen t to if __debug__: if not expression: raise AssertionError The extended form, \ assert expression1, expression2 ", is equiv alen t to if __debug__: if not expression1: raise AssertionError, expression2 3.2.25 comp ound stm t h c omp ound stmt i ::= h if stmt 3.2.26 i j h while stmt 3.2.30 i j h for stmt 3.2.31 i j h try stmt 3.2.32 i 11

3 GRAMMAR 3.2 Statemen ts j h func def 3.2.35 i j h classdef 3.2.40 i Comp ound statemen ts can span m ultiple lines, so they ma y in tro- duce a new inden tation lev el. 3.2.26 if stm t h if stmt i ::= ‘ if ’ h test 3.3.3 i ‘ : ’ h suite 3.2.28 i h elif list 3.2.27 i j ‘ if ’ h test 3.3.3 i ‘ : ’ h suite 3.2.28 i h elif list 3.2.27 i ‘ else ’ ‘ : ’ h suite 3.2.28 i 3.2.27 elif list h elif list i ::= " j h elif list i ‘ elif ’ h test 3.3.3 i ‘ : ’ h suite 3.2.28 i 3.2.28 suite h suite i ::= h simple stmt 3.2.2 i j NEWLINE INDENT h stmt list plus 3.2.29 i DEDENT The INDENT tok en indicates a new inden tation lev el. Similarly , the DEDENT tok en indicates a return to the previous inden tation lev el. 3.2.29 stm t list plus h stmt list plus i ::= h stmt 3.2.1 i j h stmt list plus i h stmt 3.2.1 i 3.2.30 while stm t h while stmt i ::= ‘ while ’ h test 3.3.3 i ‘ : ’ h suite 3.2.28 i j ‘ while ’ h test 3.3.3 i ‘ : ’ h suite 3.2.28 i ‘ else ’ h suite 3.2.28 i 3.2.31 for stm t h for stmt i ::= ‘ for ’ h tar get tuple or expr 3.3.34 i ‘ in ’ h tuple or test 3.3.1 i ‘ : ’ h suite 3.2.28 i j ‘ for ’ h tar get tuple or expr 3.3.34 i ‘ in ’ h tuple or test 3.3.1 i ‘ : ’ h suite 3.2.28 i ‘ else ’ ‘ : ’ h suite 3.2.28 i 12

3 GRAMMAR 3.2 Statemen ts 3.2.32 try stm t h try stmt i ::= ‘ try ’ ‘ : ’ h suite 3.2.28 i h exc ept clause list plus 3.2.33 i j ‘ try ’ ‘ : ’ h suite 3.2.28 i h exc ept clause list plus 3.2.33 i ‘ else ’ ‘ : ’ h suite 3.2.28 i j ‘ try ’ ‘ : ’ h suite 3.2.28 i ‘ finally ’ ‘ : ’ h suite 3.2.28 i 3.2.33 except clause list plus h exc ept clause list plus i ::= h exc ept clause 3.2.34 i ‘ : ’ h suite 3.2.28 i j h exc ept clause list plus 3.2.33 i h exc ept clause 3.2.34 i ‘ : ’ h suite 3.2.28 i 3.2.34 except clause h exc ept clause i ::= ‘ except ’ j ‘ except ’ h test 3.3.3 i j ‘ except ’ h test 3.3.3 i ‘ , ’ h test 3.3.3 i 3.2.35 funcdef See the Python reference [1], section 7.5. h func def i ::= ‘ def ’ h ident 3.3.38 i h p ar ameters 3.2.36 i ‘ : ’ h suite 3.2.28 i 3.2.36 parameters h p ar ameters i ::= ‘ ( ’ ‘ ) ’ j ‘ ( ’ h var ar gslist 3.2.37 i ‘ ) ’ 3.2.37 v arargslist h var ar gslist i ::= ‘ ** ’ h ident 3.3.38 i j ‘ * ’ h ident 3.3.38 i j ‘ * ’ h ident 3.3.38 i ‘ , ’ ‘ ** ’ h ident 3.3.38 i j h fp def 3.2.38 i ‘ , ’ j h fp def 3.2.38 i ‘ = ’ h test 3.3.3 i ‘ , ’ j h fp def 3.2.38 i j h fp def 3.2.38 i ‘ = ’ h test 3.3.3 i j h fp def 3.2.38 i ‘ , ’ h var ar gslist 3.2.37 i j h fp def 3.2.38 i ‘ = ’ h test 3.3.3 i ‘ , ’ h var ar gslist 3.2.37 i F rom the Python reference [1], section 7.5: 13

3 GRAMMAR 3.2 Statemen ts If the form \*iden ti�er" is presen t, it is initialized to a tuple receiving an y excess p ositional parameters, defaulting to the empt y tuple. If the form \**iden ti�er" is presen t, it is initialized to a new dictionary receiving an y excess k eyw ord argumen ts, defaulting to a new empt y dictionary . If a parameter has a default v alue, all follo wing parameters m ust also ha v e a default v alue|this is a syn tactic restric- tion that is not expressed b y the grammar, but is c hec k ed b y the parser. 3.2.38 fp def h fp def i ::= h ident 3.3.38 i j ‘ ( ’ h fplist 3.2.39 i ‘ ) ’ A function parameter is either an iden ti�er or a tuple that will b e unpac k ed. F or example, in: def f(x, (y, z)): pass f(1,(2,3)) when f is called, x is b ound to 1 , y is b ound to 2 , and z is b ound to 3 . 3.2.39 fplist h fplist i ::= h fp def 3.2.38 i j h fp def 3.2.38 i ‘ , ’ j h fp def 3.2.38 i ‘ , ’ h fplist i 3.2.40 classdef h classdef i ::= ‘ class ’ h ident 3.3.38 i ‘ : ’ h suite 3.2.28 i j ‘ class ’ h ident 3.3.38 i ‘ ( ’ h test 3.3.3 i ‘ ) ’ ‘ : ’ h suite 3.2.28 i j ‘ class ’ h ident 3.3.38 i ‘ ( ’ h testlist 3.3.5 i ‘ ) ’ ‘ : ’ h suite 3.2.28 i In the CPython in terpreter (v ersion 2.2), \old-st yle" classes are de- �ned b y class classname(superclasses) , and \new-st yle" classes are de�ned b y class classname . Suc h distinction is not made here; all classes are \new-st yle" classes. 14

3 GRAMMAR 3.3 Expressions 3.3 Expressions 3.3.1 tuple or test h tuple or test i ::= h tuple 3.3.2 i j h test 3.3.3 i 3.3.2 tuple h tuple i ::= h testlist 3.3.5 i A tuple has the same syn tactic rules as a testlist (3.3.5), but the name \tuple" is more descriptiv e sometimes. 3.3.3 test See the Python reference [1], section 5.10. h test i ::= h or test 3.3.7 i j h lamb def 3.3.6 i 3.3.4 test list h test list i ::= " j h test 3.3.3 i j h test 3.3.3 i ‘ , ’ h test list 3.3.4 i This non-terminal is only used b y print statemen ts (3.2.7). 3.3.5 testlist h testlist i ::= h test 3.3.3 i ‘ , ’ j h test 3.3.3 i ‘ , ’ h test 3.3.3 i j h test 3.3.3 i ‘ , ’ h testlist 3.3.5 i See note for h test list i (3.3.4). A h testlist i is nev er empt y . This non-terminal is used b y: � h tuple i (3.3.2); � h listmaker i (3.3.26); � h testlist safe i (3.3.36); � and class de�nitions: h classdef i (3.2.40). 15

3 GRAMMAR 3.3 Expressions 3.3.6 lam b def h lamb def i ::= ‘ lambda ’ h var ar gslist 3.2.37 i ‘ : ’ h test 3.3.3 i j ‘ lambda ’ ‘ : ’ h test 3.3.3 i 3.3.7 or test h or test i ::= h and test 3.3.8 i j h or test i ‘ or ’ h and test 3.3.8 i 3.3.8 and test h and test i ::= h not test 3.3.9 i j h and test i ‘ and ’ h not test 3.3.9 i 3.3.9 not test h not test i ::= ‘ not ’ h not test i j h c omp arison 3.3.10 i 3.3.10 comparison h c omp arison i ::= h expr 3.3.12 i j h c omp arison i h c omp op 3.3.11 i h expr 3.3.12 i 3.3.11 comp op h c omp op i ::= ‘ < ’ j ‘ > ’ j ‘ == ’ j ‘ >= ’ j ‘ <= ’ j ‘ <> ’ j ‘ != ’ j ‘ in ’ j ‘ not ’ ‘ in ’ j ‘ is ’ j ‘ is ’ ‘ not ’ 3.3.12 expr h expr i ::= h xor expr 3.3.13 i j h expr i ‘ | ’ h xor expr 3.3.13 i 16

3 GRAMMAR 3.3 Expressions 3.3.13 xor expr h xor expr i ::= h and expr 3.3.14 i j h xor expr i ‘ ^ ’ h and expr 3.3.14 i 3.3.14 and expr h and expr i ::= h shift expr 3.3.15 i j h and expr i ‘ & ’ h shift expr 3.3.15 i 3.3.15 shift expr h shift expr i ::= h arith expr 3.3.16 i j h shift expr i ‘ << ’ h arith expr 3.3.16 i j h shift expr i ‘ >> ’ h arith expr 3.3.16 i 3.3.16 arith expr h arith expr i ::= h term 3.3.17 i j h arith expr i ‘ + ’ h term 3.3.17 i j h arith expr i ‘ - ’ h term 3.3.17 i 3.3.17 term h term i ::= h factor 3.3.18 i j h term i ‘ * ’ h factor 3.3.18 i j h term i ‘ / ’ h factor 3.3.18 i j h term i ‘ % ’ h factor 3.3.18 i j h term i ‘ // ’ h factor 3.3.18 i 3.3.18 factor h factor i ::= ‘ + ’ h factor i j ‘ - ’ h factor i j ‘ ~ ’ h factor i j h p ower 3.3.19 i 3.3.19 p o w er h p ower i ::= h atom 3.3.24 i h tr ailer list 3.3.20 i j h atom 3.3.24 i h tr ailer list 3.3.20 i ‘ ** ’ h factor 3.3.18 i A trailer list is an index op eration (e.g., the [7] in x[7] ), a function argumen t list, or a class attribute reference. 17

3 GRAMMAR 3.3 Expressions 3.3.20 trailer list h tr ailer list i ::= " j h tr ailer 3.3.21 i h tr ailer list i 3.3.21 trailer h tr ailer i ::= ‘ ( ’ ‘ ) ’ j ‘ ( ’ h ar glist 3.3.22 i ‘ ) ’ j ‘ [ ’ h subscriptlist 3.3.30 i ‘ ] ’ j ‘ [ ’ h subscript 3.3.31 i ‘ ] ’ j ‘ . ’ h ident 3.3.38 i 3.3.22 arglist h ar glist i ::= ‘ ** ’ h test 3.3.3 i j ‘ * ’ h test 3.3.3 i j ‘ * ’ h test 3.3.3 i ‘ , ’ ‘ ** ’ h test 3.3.3 i j h ar gument 3.3.23 i j h ar gument 3.3.23 i ‘ , ’ j h ar gument 3.3.23 i ‘ , ’ h ar glist 3.3.22 i 3.3.23 argumen t h ar gument i ::= h test 3.3.3 i j h ident 3.3.38 i ‘ = ’ h test 3.3.3 i 3.3.24 atom h atom i ::= ‘ ( ’ h tuple or test 3.3.1 i ‘ ) ’ j ‘ [ ’ h listmaker 3.3.26 i ‘ ] ’ j ‘ { ’ h dictmaker 3.3.37 i ‘ } ’ j ‘ ( ’ ‘ ) ’ j ‘ [ ’ ‘ ] ’ j ‘ { ’ ‘ } ’ j ‘ ‘ ’ h tuple or test 3.3.1 i ‘ ‘ ’ � ( ) is the empt y tuple � [ ] is the empt y list � f g is the empt y dictionary � ‘ . . . ‘ is a shortcut for repr( . . . ) 18

3 GRAMMAR 3.3 Expressions 3.3.25 string list plus h string list plus i ::= STRING j STRING h string list plus i 3.3.26 listmak er h listmaker i ::= h test 3.3.3 i h list for 3.3.28 i j h testlist 3.3.5 i j h test 3.3.3 i 3.3.27 list iter h list iter i ::= h list for 3.3.28 i j h list if 3.3.29 i 3.3.28 list for h list for i ::= ‘ for ’ h tar get tuple or expr 3.3.34 i ‘ in ’ h testlist safe 3.3.36 i j ‘ for ’ h tar get tuple or expr 3.3.34 i ‘ in ’ h testlist safe 3.3.36 i h list iter 3.3.27 i See the Python reference [1], section 5.2.4. 3.3.29 list if h list if i ::= ‘ if ’ h test 3.3.3 i j ‘ if ’ h test 3.3.3 i h list iter 3.3.27 i 3.3.30 subscriptlist h subscriptlist i ::= h subscript 3.3.31 i ‘ , ’ j h subscript 3.3.31 i ‘ , ’ h subscript 3.3.31 i j h subscript 3.3.31 i ‘ , ’ h subscriptlist 3.3.30 i 3.3.31 subscript h subscript i ::= ‘ : ’ j ‘ : ’ h test 3.3.3 i j h test 3.3.3 i ‘ : ’ j h test 3.3.3 i ‘ : ’ h test 3.3.3 i j ‘ : ’ h slic e op 3.3.32 i j ‘ : ’ h test 3.3.3 i h slic e op 3.3.32 i 19

3 GRAMMAR 3.3 Expressions j h test 3.3.3 i ‘ : ’ h slic e op 3.3.32 i j h test 3.3.3 i ‘ : ’ h test 3.3.3 i h slic e op 3.3.32 i j h test 3.3.3 i j ‘ ... ’ 3.3.32 sliceop h slic e op i ::= ‘ : ’ j ‘ : ’ h test 3.3.3 i This non-terminal o ccurs only inside of a h subscript i (3.3.31). 3.3.33 exprlist h exprlist i ::= h expr 3.3.12 i ‘ , ’ j h expr 3.3.12 i ‘ , ’ h expr 3.3.12 i j h expr 3.3.12 i ‘ , ’ h exprlist i 3.3.34 target tuple or expr h tar get tuple or expr i ::= h tar get tuple 3.3.35 i j h expr 3.3.12 i 3.3.35 target tuple h tar get tuple i ::= h exprlist 3.3.33 i 3.3.36 testlist safe h testlist safe i ::= h test 3.3.3 i j h test 3.3.3 i ‘ , ’ h testlist 3.3.5 i Used in list comprehensions (3.3.28). A safe testlist cannot end with a comma. 3.3.37 dictmak er h dictmaker i ::= h test 3.3.3 i ‘ : ’ h test 3.3.3 i j h test 3.3.3 i ‘ : ’ h test 3.3.3 i ‘ , ’ j h test 3.3.3 i ‘ : ’ h test 3.3.3 i ‘ , ’ h dictmaker i 20

4 IMPLEMENT A TION 3.3.38 iden t h ident i ::= NAME The NAME tok en is a v alid Python iden ti�er. A v alid Python iden ti�er is an alphan umeric sequence of c haracters starting with a letter. The underscore c haracter ( ) coun ts as a letter. The language is case-sensitiv e. 4 Implemen tation This section describ es the curren t implemen tation of the Python-to- Sc heme compiler. The compiler is comp osed of three ma jor comp o- nen ts: the fron t-end, whic h uses a lexical analyzer (scanner) to read program text and a parser to c hec k the syn tax of the tok ens pro duced b y the scanner; the bac k-end, whic h is a co de generator using the parser’s output to create MzSc heme co de; and the run time system, whic h pro vides a library that the generated co de mak es use of (Fig- ure 5). This section delineates these three comp onen ts. Section 4.1 describ es the scanner and parser; section 4.2, the co de generator; and section 4.3, the run time system. 4.1 Lexical and Syn tax Analysis Python program text is read b y the lexical analyzer|created b y Scott Ow ens of Utah Univ ersit y|and transformed in to tok ens. T ok ens are either reserv ed k eyw ords, represen ted as sym b ols, or input items, suc h as literal v alues, iden ti�ers, and inden tation directiv es. The lexical analyzer outputs tok ens, whic h are consumed b y the parser. The parser|also pro vided b y Scott Ow ens, along with the gram- mar it uses|accepts a stream of tok ens from the lexical analyzer and generates abstract syn tax trees (ASTs) according to the grammar de- scrib ed in section 3. Abstract syn tax trees are data structures represen ting the terms presen t in a program. F or example, the Python expression x + 3 is a binary expression (section 3.3.16). This binary expression is made up of the iden ti�er x , the n um b er 3 , and the addition op eration sym- b ol ( + ). Figure 6 displa ys the UML [9] t yp e hierarc h y of the data structures necessary to represen t x + 3 . These are the MzSc heme classes (from the class system pro vided b y mzlib/class.ss ) used b y the parser to create its output of ASTs. The object% base class of 21

4 IMPLEMENT A TION 4.1 Lexical and Syn tax Analysis Figure 5: Compiler o v erview 22

4 IMPLEMENT A TION 4.2 Co de Generation Figure 6: AST t yp e hierarc h y ast-node% is the MzSc heme object% class pro vided b y the PL T class system. Figure 7 displa ys the ob jects in v olv ed in the represen tation of the expression’s syn tax tree. These are instan tiations of the classes in Figure 6. The parser pro duces a list of abstract syn tax trees, one for eac h top-lev el statemen t in the original program. They are then accepted b y the co de generator as input. 4.2 Co de Generation The co de generator m ust pro duce Sc heme co de from a list of ASTs. It do es so b y con v erting the supplied ASTs (b y the parser describ ed in section 4.1) in to Sc heme co de that is op erationally equiv alen t to the original Python co de. The follo wing subsections explain the Sc heme co de generated for the most imp ortan t parts of the Python language. 23

4 IMPLEMENT A TION 4.2 Co de Generation Figure 7: AST for x + 3 4.2.1 F unction De�nitions A p ython function has a few features not presen t in the syn tax for Sc heme functions. T uple v ariables are automatically unpac k ed, ar- gumen ts ma y b e sp eci�ed b y k eyw ord instead of p osition, and those argumen ts left o v er (for whic h no k ey matc hes) are placed in a sp e- cial dictionary argumen t. T o illustrate this, let us de�ne the follo wing Python function, whic h will consume three required argumen ts, a rest argumen t (for spilled-o v er p ositional argumen ts), and a dictionary ar- gumen t: def f(x, y, z, *rest, **dict): print x, y, z print rest print dict Keeping this function in mind, consider these t w o calls to f : Welcome to DrScheme, version 203.10-cvs27apr2003. Language: Python. > f(1, 2, 3, 4, 5, 6, test = 8) 1 2 3 (4, 5, 6) 24

4 IMPLEMENT A TION 4.2 Co de Generation {’test’: 8} > f(1, z = 2, y = 3, test = 4) 1 3 2 () {’test’: 4} This b eha vior is em ulated b y con v erting the function de�nition in to the follo wing Sc heme co de, where procedure->py-function% tak es a pro cedure, its name, and its argumen t names to pro duce an ob ject represen ting the Python function: (define f (procedure->py-function% (opt-lambda (dict x y z . rest) (let ([rest (list->py-tuple% rest)]) (call-with-escape-continuation (lambda (return10846) (py-print #f (list x y z)) (py-print #f (list rest)) (py-print #f (list dict)) py-none)))) ’f (list ’x ’y ’z) null ’rest ’dict)) In this translation, procedure->py-function% , list->py-tuple% , and py-print are run time system functions, and py-none is a run- time system constan t represen ting the Python None . W e will dela y further discussion of the run time system un til section 4.3. The more in teresting part of the example is the generated lam b da. In the function describ ed b y the opt-lambda expression, the com- piler shifts the dictionary argumen t, dict , in to the �rst p osition among the function’s parameters (where the function call mec hanism kno ws to put k eyw ord argumen ts), and places a let binding to con v ert the Sc heme list of lefto v er argumen ts|the rest in the opt-lambda param- eter list|in to the Python tuple of lefto v er argumen ts. After handling parameters, the compiler generates the function’s return handler, fol- lo w ed b y the function b o dy itself. The meaning of a Python return statemen t can b e em ulated with a Sc heme escap e con tin uation, whic h represen ts the rest of the pro- gram. A lab el is generated for the \return" con tin uation; an y return value statemen t w ould b e translated in to (return10846 value ) . With 25

4 IMPLEMENT A TION 4.2 Co de Generation the returning mec hanism established, the function b o dy can no w b e generated. The b o dy of a Python function b eing a sequence of statemen ts, the co de generator translates that in to a sequence of Sc heme commands (expressions ev aluated for side-e�ect) plus the default return v alue, None . While it is fairly simple to con v ert a Python function in to Sc heme text that lo oks lik e a t ypical function de�nition, functions tend to lo ok more lik e let bindings when de�ned as class metho ds, as the next section displa ys. 4.2.2 Class De�nitions The Python built-in type functor returns a new t yp e (i.e., a new class) when giv en a name, tuple of paren ts, and dictionary of mem b er �elds and metho ds. The compiler generates a Python class ob ject as the result of a call to type ; that is, a statemen t of the form class C... is treated as C = type("C",...) . Consider this small Python class: class C(A, B): some_static_field = 7 another_static_field = 3 def m(this, x): return C.some_static_field + x In this class C , three mem b ers are de�ned, the t w o static �elds, and the metho d m , whic h adds the v alue of the �rst static �eld to its argumen t. This short example compiles in to thirt y lines of Sc heme co de, whic h w e no w dissect: 01(define C 02 (python-method-call type ’__call__ 03 (list 04 (symbol->py-string% ’C) (list->py-tuple% (list A B)) Since type is b oth a class and a callable ob ject, what lo oks lik e the function call type(...) is in realit y the static metho d call type.__call__(...) , whic h is what line 2 starts to in v ok e. The __call__ metho d yields a new class ob ject when giv en three argu- men ts: a name, a tuple of paren ts, and a dictionary of �elds and 26

4 IMPLEMENT A TION 4.2 Co de Generation metho ds (or list of th unks ready to b e con v erted in to suc h a dictio- nary). Line 4 hands o� the class name, C, and a tuple of base classes, A and B, as the �rst t w o parameters of the call. The third argumen t is a list of functions, eac h of whic h accept one argumen t, the created class, and returns a pair where the �rst item is the name of a class �eld or metho d and the second, its v alue. The en tire rest of the program listing mak es up this third argumen t. 05 (list 06 (lambda (this-class) 07 (list ’some_static_field 08 (number->py-number% 7))) The need for wrapping eac h k ey-v alue pair around a function is sho wn in the result of compiling the next mem b er �eld: 09 (lambda (this-class) 10 (list 11 ’another_static_field 12 (let-values ([(some_static_field) 13 (values (python-get-member this-class 14 ’some_static_field 15 #f))]) 16 (number->py-number% 3)))) Notice the let-values form wrapping the mem b er �eld v alue. In Python, at class creation time, mem b er �elds (but not metho ds) ha v e access to the previously created �elds and metho ds. T o em ulate this, the Sc heme co de m ust con tain the righ t bindings when creating the mem b er �eld v alue, hence the need to alw a ys pass the class ob ject to allo w the extraction of curren tly b ound v alues. As mem b er meth- o ds do not ha v e access to previously de�ned mem b er v ariables, the follo wing Sc heme co de for the metho d m lac ks a let-values : 17 (lambda (this-class) 18 (list 19 ’m 20 (procedure->py-function% 21 (opt-lambda (this x) 22 (call/ec (lambda (return1732) 23 (return1732 27

4 IMPLEMENT A TION 4.2 Co de Generation 24 (python-method-call 25 (python-get-attribute C 26 ’some_static_field) 27 ’__add__ 28 (list x))) 29 py-none))) 30 ’m (list ’this ’x) null #f #f)))))))) Though a class de�nition is compiled as though it w ere the result of a function call b eing b ound to a v ariable (the class name), it is not compiled as though it w ere an y Python assignmen t statemen t suc h as classname = type(classname, parents, members) . It is curren tly treated as a simple sp ecial case of assignmen ts (one target and no tuples), but in the future the class emitter migh t b e remo v ed in fa v or of translating class statemen ts in to assignmen t ASTs. W e turn no w to the pro cess of generating Sc heme co de for those. 4.2.3 V ariable Assignmen ts Iden ti�ers are b ound either at the top or function lev el. Imp orted mo dules’ iden ti�ers are b ound at a di�eren t top lev el (see section 4.2.5). Assignmen ts at the top lev el are translated in to define s for �rst as- signmen ts or set! s for m utativ e assignmen ts. In the follo wing Python listing, the �rst line de�nes x, while the second line m utates x and de- �nes y as the same v alue. x = 1 x = y = 2 The �rst line b ecomes the follo wing t w o Sc heme lines: (define rhs2320 (number->py-number% 1)) (define x rhs2320) While it seems redundan t to use an auxiliary v ariable ( rhs2320 ), its need is exempli�ed in the translation of the second statemen t: (define rhs2321 (number->py-number% 2)) (set! x rhs2321) (define y rhs2321) 28

4 IMPLEMENT A TION 4.2 Co de Generation As x and y share the same v alue, the righ t-hand side m ust only b e ev aluated once. A similar strategy is follo w ed for function v ariables, though as a curren t shortcoming of the compiler, they are all de�ned as void at the start of a function. F or example, the follo wing function uses a single v ariable, x . def f(): print "fn start" x = 1 Its b o dy is translated in to this Sc heme equiv alen t (omitting the call/ec sca�olding): (opt-lambda () (let ([x (void)]) (py-print #f (list (string->py-string% "fn start"))) (let ([rhs1718 (number->py-number% 1)]) (set! x rhs1718)) py-none)) This do es ensure that a run time error is the result of using x b efore its de�nition, but it do es not pro vide a go o d error message. This will b e �xed in the future (see section 5). When a global statemen t names an y v ariable, the named v ariable is simply omitted from the Sc heme function’s initial let bindings, thereb y allo wing assignmen ts to said v ariable to m utate an iden ti�er existing at the outer scop e instead of de�ning a new one. 4.2.4 F unction Application A function is applied through py-call (Section 4.3.9). The function ob ject expression is passed as the �rst argumen t to py-call , follo w ed b y a list of supplied p ositional argumen ts (in the order they w ere supplied), and a list of supplied k eyw ord argumen ts (also in order), so, for example, the function call add_one(2) b ecomes: (py-call add_one (list (number->py-number% 2)) null) 29

4 IMPLEMENT A TION 4.2 Co de Generation 4.2.5 Imp orting Mo dules In order to imp ort a Python mo dule at run time|and, in fact, to initialize the en vironmen t at startup|the run time system creates a new MzSc heme namespace and p opulates it with the built-in Python library . The run time system then compiles the requested �le and ev aluates it in this new namespace. Finally , new bindings are in tro- duced in the original namespace for the necessary v alues. F or exam- ple, when ev aluating the statemen t import popen from os , only the binding for popen is copied in to the original namespace from the new one. In Figure 8, squares represen t b oth Python mo dules and Sc heme namespaces, and the arro w represen ts the v alues to b e copied from one namespace to another. Since import m only copies o v er a reference to mo dule m and its namespace, references to v alues in mo dule m, suc h as m.x , are shared b et w een mo dules imp orting m. Ho w ev er, a statemen t of the form from m import x copies the v alue of x in to the curren t mo dule namespace. There is no sharing in this case, as sho wn b y the follo wing listings: ### module b.py x = 3 ### module a.py from b import x import b print "b.x:", b.x print "x:", x x = 13 print "b.x", b.x print "x", x ### output of running a.py b.x: 3 x: 3 b.x 3 x 13 30

4 IMPLEMENT A TION 4.3 The Run time System Figure 8: imp ort p op en from os 4.3 The Run time System The examples in the previous section ha v e all made references to py-print , procedure->py-function% , py-none , and other run time system library exp orts. This section explains the run time system and the run time libraries used throughout the generated Sc heme program text. The Python run time system mo dels the mec hanics of the Python language. Python ob jects|called python-no des in the run time system for readabilit y so as to not confuse them with the object class that is also seen at man y places in the source co de|ha v e a t yp e, a m utabilit y sp eci�er (so that y ou cannot, for example, c hange the con ten ts of an imm utable string), and a hash table (dictionary) of dynamic �elds. The syn tactic form obj.attrib refers, sa v e a couple of exceptions, to the v alue asso ciated with attrib in obj ’s (or obj ’s paren t’s) dictionary . There are t w o sp ecial attributes not stored in the ob ject dictionary: 1. __dict__ p oin ts to the ob ject’s dictionary; and 2. __class__ refers to the ob ject’s t yp e. Though an ob ject’s t yp e is its __class__ attribute, a class’s t yp e is alw a ys the built-in type ob ject, and its paren t classes are found in its __bases__ attribute. Base t yp es inherit from the built-in t yp e object (Figure 9). This is the hierarc h y in the Python programmer’s mind when writing Python co de. In ternally , all Python ob jects, t yp es and instances alik e, are rep- resen ted b y the python-node data structure (Figure 10). This is the 31

4 IMPLEMENT A TION 4.3 The Run time System Figure 9: A simple Python class Sc heme enco ding of Python ob jects, and the hierarc h y from Figure 9 is em ulated b y storing an ob ject’s t yp e (in the Python sense) in a �eld (called parent ) of the Sc heme structure. The con v en tion adopted b y the run time system has b een to name eac h Python t yp e py- name %, where name is the Python t yp e (e.g., the Python object t yp e is named py-object% in the run time system). With these concepts in mind, let us no w explore a set of imp ortan t functions from the run time system. 4.3.1 p y-prin t py-print accepts a list of ob jects to prin t and an output device ob ject (one that has a write metho d). If the output ob ject is false, the curren t output p ort is used. The string stream sen t to the output ob ject consists of eac h item from the list of ob jects, eac h con v erted to its string represen tation, with a space c haracter in b et w een eac h one. 32

4 IMPLEMENT A TION 4.3 The Run time System Figure 10: In ternal represen tation of Python ob jects 4.3.2 n um b er- > p y-n um b er% W raps a Sc heme n um b er as a Python n um b er ob ject. 4.3.3 string- > p y-string% This function con v erts a Sc heme string in to a Python string. 4.3.4 pro cedure- > p y-function% This function accepts a Sc heme pro cedure, a function name sym b ol, a list of p ositional argumen t names, a list of optional argumen t names, a rest-argumen t name (or false), and a dictionary argumen t name (or false). It returns a Python function ob ject, whic h is in ternally a python-node with its paren t �eld set to py-function% (another python-node ob ject, this one represen ting the Python function t yp e ob ject). This function is used b y the run time system to wrap in ternal func- tions (suc h as the built-in r epr ) as Python functions and b y the com- piler in the generated Sc heme co de for function de�nitions. 33

4 IMPLEMENT A TION 4.3 The Run time System 4.3.5 p ython-get-mem b er This function tak es a Python ob ject, an attribute name (as a sym b ol), and an optional ag. It extracts and returns the v alue asso ciated with the giv en attribute name in the ob ject’s dictionary . If no suc h attribute is found, the ob ject’s paren t classes are searc hed in the same manner. Once there are no more paren t classes to searc h, the Python AttributeError exception is raised. When the optional ag is set to true , py-function% ob jects are wrapp ed inside py-method% ob jects, whic h, as p er the Python lan- guage sp eci�cation, con tain attributes referring to the wrapp ed func- tion, o wner class, and p ossibly o wner ob ject. This allo ws the Python programmer to assign some_object.some_method to a v ariable m , whic h, when applied, will in v ok e some_method with some_object as its �rst argumen t. The ag’s default v alue is true . 4.3.6 p ython-get-attribute This function lo oks up an ob ject’s attribute through the use of the ob ject t yp e’s __getattrib__ metho d. The default implemen tation of __getattrib__ is python-get-member (4.3.5). 4.3.7 p ython-set-mem b er! Sets a sp eci�ed attribute in the ob ject’s dictionary to the giv en v alue. 4.3.8 p ython-metho d-call This function accepts a Python ob ject, an attribute name, and a list of argumen ts. It fetc hes the metho d named b y the attribute argumen t and applies it, passing the ob ject argumen t as the �rst argumen t b e- fore the supplied argumen t list. It is a shorthand for calling py-call without explicitly fetc hing a metho d from an ob ject. 4.3.9 p y-call This function accepts t w o argumen ts: a callable ob ject and list of Python v alues. The callable ob ject is applied with those v alues as its argumen ts, and this application’s result is returned as the result of py-call . A callable ob ject is either a Python function ob ject, a Python ob ject implemen ting a __call__ metho d, or a Sc heme pro ce- dure. When the input is an ob ject implemen ting a __call__ metho d, 34

6 CONCLUSION that metho d is extracted as a Python function ob ject and passed to a recursiv e call to py-call . When the input is a Python function ob- ject, it is con v erted to a Sc heme pro cedure and passed to a recursiv e call to py-call . When the input is a Sc heme pro cedure, it is applied. 5 F uture W ork In order to complete the compiler, a mec hanism m ust b e devised to dynamically load (through the import statemen t, section 3.2.16) lo w- lev el Python libraries written in C, including the core library from CPython. This matter is curren tly under in v estigation, as are the follo wing: � completion of an automated test suite; � generation of b etter error messages; � implemen tation of h yield stmt i (Section 3.2.15); � implemen tation of h exe c stmt i (Section 3.2.23); and � handling of default function parameters (Section 4.2.1). 6 Conclusion The Python-to-Sc heme compiler translates Python programs in to their Sc heme equiv alen ts. The lexer and parser read and c hec k the syn tac- tic correctess of suc h programs. The co de generator turns the parser’s output of syn tactic elemen ts in to Sc heme co de. The generated Sc heme co de uses the run time system, whic h mo dels the Python en vironmen t. This allo ws Python programmers to tak e adv an tage of DrSc heme and its dev elopmen t to ols while writing in their preferred language. The b ene�t to Sc heme programmers comes b y w a y of Python libraries, whic h are increasingly n umerous. 35

CONTENTS CONTENTS Con ten ts 1 In tro duction 1 2 Bac kground 1 3 Grammar 3 3.1 Program . . . . . . . . . . . . . . . . . . . . . . . . . . 3 3.1.1 �le input . . . . . . . . . . . . . . . . . . . . . 3 3.1.2 ev al input . . . . . . . . . . . . . . . . . . . . 6 3.2 Statemen ts . . . . . . . . . . . . . . . . . . . . . . . . 6 3.2.1 stm t . . . . . . . . . . . . . . . . . . . . . . . . 6 3.2.2 simple stm t . . . . . . . . . . . . . . . . . . . 6 3.2.3 small stm t . . . . . . . . . . . . . . . . . . . . 6 3.2.4 expr stm t . . . . . . . . . . . . . . . . . . . . . 7 3.2.5 testlist list plus . . . . . . . . . . . . . . . . . 7 3.2.6 augassign . . . . . . . . . . . . . . . . . . . . . 7 3.2.7 prin t stm t . . . . . . . . . . . . . . . . . . . . 7 3.2.8 del stm t . . . . . . . . . . . . . . . . . . . . . 8 3.2.9 pass stm t . . . . . . . . . . . . . . . . . . . . . 8 3.2.10 o w stm t . . . . . . . . . . . . . . . . . . . . . 8 3.2.11 break stm t . . . . . . . . . . . . . . . . . . . . 8 3.2.12 con tin ue stm t . . . . . . . . . . . . . . . . . . 8 3.2.13 return stm t . . . . . . . . . . . . . . . . . . . . 9 3.2.14 raise stm t . . . . . . . . . . . . . . . . . . . . 9 3.2.15 yield stm t (NOT YET IMPLEMENTED) . . 9 3.2.16 imp ort stm t . . . . . . . . . . . . . . . . . . . 9 3.2.17 imp ort stm t1 . . . . . . . . . . . . . . . . . . . 10 3.2.18 imp ort stm t2 . . . . . . . . . . . . . . . . . . . 10 3.2.19 imp ort as name . . . . . . . . . . . . . . . . . 10 3.2.20 dotted as name . . . . . . . . . . . . . . . . . 10 3.2.21 dotted name . . . . . . . . . . . . . . . . . . . 10 3.2.22 global stm t . . . . . . . . . . . . . . . . . . . . 10 3.2.23 exec stm t (NOT YET IMPLEMENTED) . . . 11 3.2.24 assert stm t . . . . . . . . . . . . . . . . . . . . 11 3.2.25 comp ound stm t . . . . . . . . . . . . . . . . . 11 3.2.26 if stm t . . . . . . . . . . . . . . . . . . . . . . 12 3.2.27 elif list . . . . . . . . . . . . . . . . . . . . . . 12 3.2.28 suite . . . . . . . . . . . . . . . . . . . . . . . . 12 3.2.29 stm t list plus . . . . . . . . . . . . . . . . . . 12 3.2.30 while stm t . . . . . . . . . . . . . . . . . . . . 12 36

CONTENTS CONTENTS 3.2.31 for stm t . . . . . . . . . . . . . . . . . . . . . 12 3.2.32 try stm t . . . . . . . . . . . . . . . . . . . . . 13 3.2.33 except clause list plus . . . . . . . . . . . . . 13 3.2.34 except clause . . . . . . . . . . . . . . . . . . . 13 3.2.35 funcdef . . . . . . . . . . . . . . . . . . . . . . 13 3.2.36 parameters . . . . . . . . . . . . . . . . . . . . 13 3.2.37 v arargslist . . . . . . . . . . . . . . . . . . . . . 13 3.2.38 fp def . . . . . . . . . . . . . . . . . . . . . . . . 14 3.2.39 fplist . . . . . . . . . . . . . . . . . . . . . . . . 14 3.2.40 classdef . . . . . . . . . . . . . . . . . . . . . . 14 3.3 Expressions . . . . . . . . . . . . . . . . . . . . . . . . 15 3.3.1 tuple or test . . . . . . . . . . . . . . . . . . . 15 3.3.2 tuple . . . . . . . . . . . . . . . . . . . . . . . . 15 3.3.3 test . . . . . . . . . . . . . . . . . . . . . . . . 15 3.3.4 test list . . . . . . . . . . . . . . . . . . . . . . 15 3.3.5 testlist . . . . . . . . . . . . . . . . . . . . . . . 15 3.3.6 lam b def . . . . . . . . . . . . . . . . . . . . . . 16 3.3.7 or test . . . . . . . . . . . . . . . . . . . . . . 16 3.3.8 and test . . . . . . . . . . . . . . . . . . . . . 16 3.3.9 not test . . . . . . . . . . . . . . . . . . . . . . 16 3.3.10 comparison . . . . . . . . . . . . . . . . . . . . 16 3.3.11 comp op . . . . . . . . . . . . . . . . . . . . . 16 3.3.12 expr . . . . . . . . . . . . . . . . . . . . . . . . 16 3.3.13 xor expr . . . . . . . . . . . . . . . . . . . . . 17 3.3.14 and expr . . . . . . . . . . . . . . . . . . . . . 17 3.3.15 shift expr . . . . . . . . . . . . . . . . . . . . . 17 3.3.16 arith expr . . . . . . . . . . . . . . . . . . . . 17 3.3.17 term . . . . . . . . . . . . . . . . . . . . . . . . 17 3.3.18 factor . . . . . . . . . . . . . . . . . . . . . . . 17 3.3.19 p o w er . . . . . . . . . . . . . . . . . . . . . . . 17 3.3.20 trailer list . . . . . . . . . . . . . . . . . . . . 18 3.3.21 trailer . . . . . . . . . . . . . . . . . . . . . . . 18 3.3.22 arglist . . . . . . . . . . . . . . . . . . . . . . . 18 3.3.23 argumen t . . . . . . . . . . . . . . . . . . . . . 18 3.3.24 atom . . . . . . . . . . . . . . . . . . . . . . . . 18 3.3.25 string list plus . . . . . . . . . . . . . . . . . 19 3.3.26 listmak er . . . . . . . . . . . . . . . . . . . . . 19 3.3.27 list iter . . . . . . . . . . . . . . . . . . . . . . 19 3.3.28 list for . . . . . . . . . . . . . . . . . . . . . . 19 3.3.29 list if . . . . . . . . . . . . . . . . . . . . . . . 19 37

CONTENTS CONTENTS 3.3.30 subscriptlist . . . . . . . . . . . . . . . . . . . . 19 3.3.31 subscript . . . . . . . . . . . . . . . . . . . . . 19 3.3.32 sliceop . . . . . . . . . . . . . . . . . . . . . . . 20 3.3.33 exprlist . . . . . . . . . . . . . . . . . . . . . . 20 3.3.34 target tuple or expr . . . . . . . . . . . . . . 20 3.3.35 target tuple . . . . . . . . . . . . . . . . . . . 20 3.3.36 testlist safe . . . . . . . . . . . . . . . . . . . . 20 3.3.37 dictmak er . . . . . . . . . . . . . . . . . . . . . 20 3.3.38 iden t . . . . . . . . . . . . . . . . . . . . . . . . 21 4 Implemen tation 21 4.1 Lexical and Syn tax Analysis . . . . . . . . . . . . . . . 21 4.2 Co de Generation . . . . . . . . . . . . . . . . . . . . . 23 4.2.1 F unction De�nitions . . . . . . . . . . . . . . . 24 4.2.2 Class De�nitions . . . . . . . . . . . . . . . . . 26 4.2.3 V ariable Assignmen ts . . . . . . . . . . . . . . 28 4.2.4 F unction Application . . . . . . . . . . . . . . . 29 4.2.5 Imp orting Mo dules . . . . . . . . . . . . . . . . 30 4.3 The Run time System . . . . . . . . . . . . . . . . . . . 31 4.3.1 p y-prin t . . . . . . . . . . . . . . . . . . . . . . 32 4.3.2 n um b er- > p y-n um b er% . . . . . . . . . . . . . . 33 4.3.3 string- > p y-string% . . . . . . . . . . . . . . . . 33 4.3.4 pro cedure- > p y-function% . . . . . . . . . . . . 33 4.3.5 p ython-get-mem b er . . . . . . . . . . . . . . . 34 4.3.6 p ython-get-attribute . . . . . . . . . . . . . . . 34 4.3.7 p ython-set-mem b er! . . . . . . . . . . . . . . . 34 4.3.8 p ython-metho d-call . . . . . . . . . . . . . . . . 34 4.3.9 p y-call . . . . . . . . . . . . . . . . . . . . . . . 34 5 F uture W ork 35 6 Conclusion 35 38

REFERENCES REFERENCES References [1] G. v an Rossum, Python R efer enc e Manual . PythonLabs, F ebruary 2003. [2] G. v an Rossum, \The Python in terpreter." PythonLabs, F ebruary 2003. V ersion 2.3a2. [3] S. P edroni and N. Rappin, Jython Essentials . O’Reilly , Marc h 2002. [4] M. Flatt, \The MzSc heme in terpreter." PL T, Decem b er 2002. V er- sion 203. [5] M. Flatt, PL T MzScheme: L anguage Manual . PL T, Decem b er 2002. [6] R. Kelsey , W. Clinger, and J. R. (Editors), \Revised 5 rep ort on the algorithmic language Sc heme," A CM SIGPLAN Notic es , v ol. 33, no. 9, pp. 26{76, 1998. [7] M. Flatt, PL T MrEd: Gr aphic al T o olb ox Manual . PL T, Decem b er 2002. [8] R. B. Findler, C. Flanagan, M. Flatt, S. Krishnam urthi, and M. F elleisen, \DrSc heme: A P edagogic Programming En vironmen t for Sc heme," Pr o gr amming L anguages: Implementations, L o gics, and Pr o gr am s , v ol. 1292, pp. 369{388, Septem b er 1997. [9] P . Pinheiro da Silv a and N. W. P aton, \UMLi: The uni�ed mo deling language for in teractiv e applications," in UML 2000 - The Uni�e d Mo deling L anguage. A dvancing the Standar d. Thir d International Confer enc e, Y ork, UK, Octob er 2000, Pr o c e e dings (A. Ev ans, S. Ken t, and B. Selic, eds.), v ol. 1939, pp. 117{132, Springer, 2000. 39