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// A: Java 00O0O0O0O
Driver driver = (Driver)Class.forName("org.postgresql.Driver") .newInstance();
Connection conn = driver.connect("jdbc:postgresql:database", new Properties());
Statement stmt = conn.createStatement();
ResultSet rs = stmt.executeQuery("select * from students where score > 80");
while (rs.next()) {

System.out.println(rs.getString("name") + " : " + rs.getInt("score"));

}

conn.close();

// B: ProteaJ 0OOOO
Driver driver = org.postgresql.Driver;
Connection conn = connect jdbc:postgresql:database by driver;
ResultSet rs = select * from students where score > 80 by conn;
while (rs.next()) {

println rs[name]:str + " : " + rs[score]:int;
}

close conn;

// C: ProteaJ2 OO O0ODO
use org.postgresql.Driver;
connect jdbc:postgresql:database;
select * from students where score > 80;
while (each result) {
println name:str + " : " + score:int;

}

disconnect;
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gboboooobooooboooooooooooooooooon

03000000000000000 DSLO ProteaJ OOODOOOODOOOOODO
gooobooooboobooboobobboboobooboobobasi oo
oooooooobo bSsLogoobooooooooooboooobooooooboooDon
goog

Reader "open" _ (File file) { return new Reader(file); }

U Reader UOODOOOOOOOO "open" _ 000000000 O00OO00OOO0OO0O File
000000000o0o0o00U0ooo0o(OooUbD)0b000DU00DOOO0O0ds1 O
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000 DSLOOO reader 00000000 Oreader OO00O0O0O0O0O0OOODODOO
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close reader U0 I read line by reader U O DD O0OD0OODODOOODOO
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Oooooooo s0bOO00000oooboboooboDOoCocOoOoDSLOoggoooobooOog
OO0 reader 0000000 0O0ODOODSLOOOODODOOO Reader O0DOODODODOOO
gooodd "eopen" _U0D0DUOO0D0DOO0O0OO0OOOreader D0OUOUOOMODO Reader
U00o00ooobOoboooonoobOoonDg "eof"OODOO "read" "line" O OODO0O
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200000000 6000D00DODODO

O6000000000DSLOOOOODOOO Reader JO0OOODOOODOOODOO
gooooboobooobo 4b00b0b0o0oboobobbooboogbobbDboUobDo

Interpreter interpreter = new Interpreter();
BufferedReader reader = new BufferedReader(new FileReader(file));
while (true) {
String line = reader.readLine();
if (line == null) break;
else {
Result r = interpreter.interpret(line);
if (r.isError()) break;
}
}
reader.close();
interpreter.printResult();
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dsl ReaderDSL {

Reader "open" _ (File file) { return new Reader(file); }

boolean _ "reaches" "eof" (Reader reader) { return reader.eof(); }

String "read" "line" "by" _ (Reader reader) { return reader.readLine(); }
void "close" _ (Reader reader) { reader.close(); }

}
class Reader {
Reader (File file) {
this.reader = new BufferedReader(new FileReader(file));
this.nextLine = reader.readLine();
}
String readLine() {
String line = nextLine;
nextLine = reader.readLine();
return line;
}
boolean eof() { return nextLine == null; }
void close() { return reader.close(); }
private BufferedReader reader;
private String nextLine;

0 3.Protea] 00 O00O0OO0O0DOOOOODSLOODOO

Interpreter interpreter = new Interpreter();

Reader reader = open file;

while (! reader reaches eof) {
Result r = interpreter.interpret(read line by reader);
if (r.isError()) break;

}
close reader;
interpreter.printResult();

04.03000DSLOOOO

o000 DSLOOOOOO0O0oOOOOoO0OoOooOoOoO0oooDOooOoOoooooboOooo
00D interpreter.interpret DO OO0 5000 DSLOOOOOOCOODOOODOO
U000 reader HOOOOODO0OODOOOread line DOO0OODOOOOOODOODOO
coobooobboooobooobbooooboooboo

O0Oo0ODOOoOOO0Oo bSLoooooo bSLOobOoOoOobooOoobboOooboooooo
O0O0O0OOopen fileOOOOODO Reader 000000 O0DOO0ODOOODOOO DSLO
goboobooobooooooobooobooooog ebobbOobOoboDOobOODO
ODSLOODOO0ODOOOO0DOO“cC DSLODOO’00bbO00bDOOoOobooOooDod
OO000000oOoDbDSLO00doodoooDO0o0ooO0o0ooOOooooooooDoood
ooooobo0ooOo bSLoobooboobooooooboOooboooboobooon
Oo0ooOoOoboOobboOoooo



dsl ReaderDSL {
static Reader reader = null;
void "open" _ (File file) { reader = new Reader(file); }
boolean "eof" () { if (reader '= null) return reader.eof(); else return true; }
String "read" "line" ()
{ if (reader '= null) return reader.readlLine(); else return null; }
void "close" () { if (reader '= null) reader.close(); reader = null; }

05 000000000000000000DSLOOOO

Interpreter interpreter = new Interpreter();

open file;

while (! eof) {
Result r = interpreter.interpret(read line);
if (r.isError()) break;

}

close;

interpreter.printResult();
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void open_read_close() {

open file; // Reader 0000000000 0OOOO
read line; // 0000 Reader DO OOOOOOODOO
read_func();
close; // Reader U0 O0DOODOOOOOOOOOO
}
void read_func() {
read line; // O000: OO0 Reader DO OOOODOOOODODOO
}

O 7.00000000000000

dsl ReaderDSL {
void "open" _ (File file) activates Reader {
activate new Reader(file);

}
context Reader {
Reader (File file) {
this.reader = new BufferedReader(new FileReader(file));
this.nextLine = reader.readLine();

}
boolean "read" "line" () {
String line = nextLine;
nextLine = reader.readLine();
return line;
}
boolean "eof" () { return nextLine == null; }
void "close" () deactivates Reader { return reader.close(); }
private BufferedReader reader;
private String nextLine;
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Interpreter interpreter = new Interpreter();
open file; // Reader 00000000 (x1000)OO00OO0OOO
while (! eof) { // eof O ril.eof() OO0OOODODODO

Result r = interpreter.interpret(read line);

// read line O rl.readlLine() OO DOOODOOO

if (r.isError()) break;
}
close; // close O ril.clese() 0O00OO0O0OO0O0O0O0Or1 OOOOOOO
interpreter.printResult();
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void read_func() requires Reader {
read line;
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}

U0D00000000 read_func 0 Reader OO 0OO00OO0O0OO0OD0ODOOO0OOO
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open file; // Reader DO 0OODDDOODOO

read line; // OK

}
read line; // 00000
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auto-close context Reader {

Reader (File file) { ... }

~“Reader () { reader.close(); } // 00000000000

boolean "read" "line" () { ... }

boolean "eof" () { ... }

private BufferedReader reader;
private String nextLine;
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}
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dsl AppConfigDSL {
void "configure" () activates Configuring {
activate new Configuring();
}
auto-close context Configuring {
Configuring() {
logFile = new File("./log.txt");
loglevel = LogLevel.warn;
}
“Configuring() activates Configured {
activate new Configured(logFile, logLevel);

}
void "log" "file" "=" _ (File file) { logFile = file; }
void "log" "level" "=" _ (LogLevel level) { loglLevel = level; }

File logFile;
LogLevel logLevel;
}
auto-close context Configured {
Configured(File logFile, LogLevel logLevel) {
logger = new Logger(logFile, logLevel);

}

“Configured() { logger.close(); }

void "debug" "(" _ ")" (String msg) { logger.debug(msg); }
void "info" "(" _ ")" (String msg) { logger.info(msg); }
void "warn" "(" _ ")" (String msg) { logger.warn(msg); }
void "error" "(" _ ")" (String msg) { logger.error(msg); }
Logger logger;

0 10.00000000C000DOOCOO0O0ODO DSL

O0O000000000 "configure" JO0UIOOO0O0O0O00O0O0O0OOODO Configuring
ocoobooooboooooooOoooboooooooOooobooOoOoDDboOoobbooog
U00oDO00boo0obDboOooOonon Configured OO OODDOODOODOOODOO
UOD0O0O setting 0 activatesU U O UOUOODODOOODODOOOODOOOODO main
O setting 00000000 0OO0COOOOO Configured IOOOOOODOOODOOO
O00 debug 0 error 00000000 APIDOODOOCOODOOO0O0 main OO0
0000000 run00requiresd 000000000 Configured HODODOODOO
00000000000 00D0O00 run0000 debugd error O0O0OO0OOODO

4.2 SQL

012000000000000000 10CO00O0O0O0O0DOODOODOOODOOD
ODSLOODOODO000DO0OD00000000 "use" _00000OO0O0O0O "connect"
_00o0uogboooognod "connect" _ OODOOOOOOO "select" _ "from" _
"where" _ O 0OOO "disconnect" UUOUOOOODOOOOOOOOO "select" "from"

_ "where" _ 000000000 "each" "result" OO OO0OOOOOOOO "each"
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public static void main (String[] args) {
setting();
run();
info("terminated successfully");

}

static void setting() activates Configured {
configure;
log file = ./logs/log.txt;
log level = error;

}

static void run() requires Configured {
debug("start running");

}

0 11.0 10000 DSLOOOO
"result" OJOOOOOOOO _ ":" "str* O0OOO _ ":" "int" O0OO0OOOO0OO
goo _ ":»rstxr" 0000 _ ":" "int" 000000000 00000 auto-close

O0000000000whileOOOOOOOOOOOOOOOO0OO0OO0OOO0O0O0O0O0OO
O "disconnect" OO0 0OOO0OOOO0O "select" _ "from" _ "where" _ O0O0O0OO
Oo0o0ooon

5 OoOoOQn

5.1 U0doobobooggn

oo DSLObOoOoopoouoobooobooooobooooboooDo DbSLOobo
gboboooooooooooooooooooooooooooooogooDoon

Interpreter interpreter = new Interpreter();
Read<Void> interpretLines() {

return eof().filter(e -> ! e) // if (eof()) break;
.flatMap(e -> readLine())
.map (interpreter: :interpret) // interpreter.interpret(readLine())
filter(r -> ! r.isError()) // if (r.isError()) break;
.flatMap(r -> interpretlines()); // 0O0ODOO0O
}
open(file) .perform(interpretLines()); // open OO interpretlLines OO close

interpreter.printResult

0000000 DSLO0O0O00O0ODO Read 000D ODOODODODDDOOIOORead<Void>
0000000000000 veid U0OD (CUODDOUOODDOO)ODODODOOOODO
000000000000 000D0O00000000000000D00D00O0ORead<Void>
00O interpretlLines [0 open(file).perform DO OODODOOOOOOODOOOOO
interpretlines 100000000 D0O0O0ODODOODOOOOOOOOOOOOOOOOO
0 Omap, flatMap, filter OO0 000000000000 ReadO00DOO0O0OO0O0O00OO
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dsl SQLDSL {
void "use" _ (Driver driver) activates UseDriver {
activate new UseDriver(driver);
}
auto-close context UseDriver {
UseDriver(Driver driver) { this.driver = driver; }
void "connect" _ (DB db) activates Connecting {
activate new Connecting(driver.connect(db.path, new Properties()));
}
Driver driver;
}
propagate context Connecting {
Connecting(Connection conn) { this.conn = conn; }
void "select" _ "from" _ "where" _ (Columns col, Tables tbl, Condition cond)
deactivates QueryResult activates QueryResult
{
Statement stmt = conn.createStatement();
String query = QueryFactory.select_from_where_(col, tbl, cond);
activate new QueryResult(stmt.executeQuery(query));
}
void "disconnect" () deactivates Connecting, QueryResult { conn.close(); }
Connection conn;
}
auto-close context QueryResult {
QueryResult (ResultSet rs) { this.rs = rs; }
boolean "each" "result" () activates ResultRow {
boolean next = rs.next();
activate new ResultRow(rs);
return next;
}
ResultSet rs;
}
auto-close context ResultRow {
ResultRow(ResultSet rs) { this.rs = rs; }

String _ ":" "str" (Column c) { return rs.getString(c.name); }
int _ ":" "int" (Column c) { return rs.getInt(c.name); }
ResultSet rs;

0 12.SQLOOOOOO DSL
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O000000DOCO000D0O0O0000O00DOOO000OOO00oDoOoOoogg bSL
OoooobSLOopooOoOOOO0Ob00OUOOo0ooooooooonDOOtagless final
interpretation (1| 00 0000000000000 0O0O000O0O0OOO0O0O DSLOO
0000000000000 00O0 DSLO0OOO0ODOO00ODOO0DOO00ODOO00O0O0OOnOO
OO0D000O0 tagless final interpretation D0 000000000000 OO00OO0O0O0O
OOoO0DOO DSLObOOboOOoOoDboOoood

5.2 U00OOobObOOOoOoon

Scala 00 D0O00DODODODODOODODOODODODODODODOODODOODO
ugbobboodgboobooooubobooodaooobooobobboooooooa
0000000000000 000D000D0000O0Scalad break OOO0OD0OOODO0O
ooooooooooooo
val interpreter = new Interpreter()
val reader = open(file)
import reader._
while (! eof) { // eof O reader.eof() OO

val r = interpreter.interpret(readLine) // readLine [0 reader.readLine() O0O

if (r.isError) break

}
close // close [0 reader.close() OO
interpreter.printResult

reader. 000000000 DOOCODOOCOODOOODOOOOOOODODSLODOOOOO
U0 Reader OO DOO0ODOOODODOODLOODDOODOO

5.3 Implicit parameter

Scala 00O OODODOO implicit parameter 0 0000000000 OOODOOODOO
00000000 0d0oodoodo0odooooooooooooooooooood
O00D0DOoC++ 000000000000 D000D00O00dimplicit parameter O 0O O
0000000000000 0o0o0o0ooU0oU0odDOo0DOoooOoooood
000000000000 0ododoo0ooDOo0oDooooonooooooood
00000000000 00000000000000 implicit parameter 000 00O O
ODSLOO0O0O0O0OO0O0OO0O (DOooo)booo

val interpreter = new Interpreter()

implicit val reader = open(file)

while (! eof) { // eof O eof(reader) OO
val r = interpreter.interpret(readLine) // readLine [0 readLine(reader) OO
if (r.isError) break

}
close // close [0 close(reader) [0
interpreter.printResult

O00 reader 00 O0O0D0O0O0ODOOOOODODODOOOOOOOOODODOO DSLO
U000000 Reader 0O OOO0OOO0OOOODOODOODODODODOO
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5.4 SugarJ

Sugar]) 3| 00000000000 0COO0OODOOOOOOODOOODOOOO JavaOO
O000000Lisp O Template Haskell (10 0000000000000 O00000O0O0O
goooboobooboobobooboobooboboobooboobooboboboo
gbobooboboobouooboboobuooboobobbooboobooobobo
OO00O0O0OOSuwearJ JO0ODOOOOO0OODODODOOOOODOOOOODODOOOOODOO
obobooboobbooboobobooboobboobooboboo

5.5 LDUOUOogooOO

Mixfix operators 2] D0 0000000000000 O00O00O0O0OO0OOOOOOO
OO000000DODOCOCOO0000OoDDOOOO0O0O0ooDDODOOMixfix operators
O protean operators 00000000000 O00OOO0O DSLOOOOOODOODOO
ooboooboooooooooooboobooboooboOooo bSsLoobooboooboog
uboooboooboooobobobobooboobooooobooboooobooooboo
gooooboobooobooboboobooboobooboobobooooboobo
protean operators U U O 0OUOOOOOO0OO0OO0OO00OO0O0O0OO0O0OU

5.6 Wyvern

Wyvern [9) OO0 00000 0OO0O0OOOOOOOOUODOOOOODOOUODOOODOOO
Wyvern 00 0000000000000 00OODOO0OOODOOODOOODOODO DSLO
gbooooboooooboooboooOWyvern 0O0OD0O0O0DOOOO0ODOOODOO
generic literal OO0 000000000 DOOO0ODOOOOOOOCOOOOOOODOODOO
OO0 DSLOO0ODOO00O0O0OO00DOO0O0OOO00oooooogoo

6 OO0

OO0 DSLO0O0O0OCOOO000OCOCOO00O0oOoOo0ooooOobooOooooDoOoDOoo
oobooobDoOooOoOoo bSLooooOoooOobooboooooooooooog
OO00D0ODO0ODSLOODOO0O0DOO0O0bOO0O0bObOOoOoooo DbSLOboDoooooog
ooboobooobooboooooobo bSLoguooooooooobooboobooon
ooooOobSsLobooooooooooobooobooobooooooooooooog
OO0 DSLOO0O0OO00DODOO000O00DOOO00OO00DOOO0OoO00oDoOooDoOg bSL
boobooboobooooooooooooooooooooooboobobooboooboonDog

bobooobobobobooboobobooboobobbobooboobon
O0Oactivates U OO deactivates U U DO DOO0OO0ODO0OO0ODOOOO0O0DODOOODODOO
gboooboboboooboboboooboooogooobooboobobooobooono
ubooobooboobooobooboboboobooboboooboobooobooboooboo
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U00o0o0oobooooboOobboopDuoUonD ProteaJ DO DODOODOODOOODOO
OO000D0O000d0 ProteaJ2 000000000 OProteaJ20000000O0O0O0O0O
U000obb00dUubibO0U0UdlbOrequires U Upropagate U U U Hauto-close
gooobobbooboobobobooooooooboobobbooboobobbooDUoDo
OO0OD0ProteaJ2 OO0 DOOODOOO DSLOOODOOODODOOO

goobn

(1]
2]

13

(4]

]
16]

7]
18]

19

[10]

J. Carette, O. Kiselyov, and C.-c. Shan. Finally tagless, partially evaluated: Tagless staged
interpreters for simpler typed languages. J. Funct. Program., 19(5):509-543, Sept. 2009.

N. A. Danielsson and U. Norell. Parsing mixfix operators. In Proceedings of the 20th
international conference on Implementation and application of functional languages, IFL’08,
pages 80-99, 2011.

S. Erdweg, T. Rendel, C. Késtner, and K. Ostermann. SugarJ: library-based syntactic
language extensibility. In Proceedings of the 2011 ACM international conference on Object
oriented programming systems languages and applications, OOPSLA ’11, pages 391-406,
2011.

B. Ford. Parsing expression grammars: a recognition-based syntactic foundation. In Pro-
ceedings of the 31st ACM SIGPLAN-SIGACT symposium on Principles of programming
languages, POPL 04, pages 111-122, 2004.

M. Fowler. Language Workbenches: The Killer-App for Domain Specific Languages? http:
//martinfowler.com/articles/languageWorkbench.html, 2005.

K. Ichikawa and S. Chiba. Composable User-defined Operators That Can Express User-
defined Literals. In Proceedings of the 13th International Conference on Modularity, MOD-
ULARITY ’14, pages 13-24, 2014.

M. Odersky, L. Spoon, and B. Venners. Programming in Scala: A Comprehensive Step-by-
step Guide. Artima Incorporation, USA, 1st edition, 2008.

C. Omar, B. Chung, D. Kurilova, A. Potanin, and J. Aldrich. Type-directed, whitespace-
delimited parsing for embedded dsls. In Proceedings of the First Workshop on the Global-
ization of Domain Specific Languages, GlobalDSL ’13, pages 8-11, 2013.

C. Omar, D. Kurilova, L. Nistor, B. Chung, A. Potanin, and J. Aldrich. Safely Composable
Type-Specific Languages. ECOOP, 2014.

T. Sheard and S. P. Jones. Template Meta-programming for Haskell. In Proceedings of the
2002 ACM SIGPLAN Workshop on Haskell, Haskell 02, pages 1-16, 2002.

18



