USTC

Chapter 6
Writing a Program




http:/ /staff.ustc.edu.cn/~zlwang/

- &
-t
- »

CAREFRT—FHEL—N “L@ITE R KA 5L
@z & it
= B ML e — & & A (principle)

it 4 B 6%t =% (idea)

& A X % (Qrammar)

% % X+t &4 (expression)

42 /4 41 42 (organization)

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

o471 Analysis

= A A AL G LB

s BE—~T, BARLGALREMN 2

o &t DeS|gn

" glARAGREARLH
* 52 71, Implementation

" % 5K

= 8K

=K,
e sgat, THEALEAE. ...

)

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

WEERA: Kb

¢ MG RAARA 27

" AR FETS?

" FLERARTIA42eG, 24|, HhFfe T AR5 282
o KA A X AT o3 A2 6 S AN L

" Ak AR TEL, RHENFRAHYTRD

e R4, KA1 @ &4 A F T iostreams, vector, etc.
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CR B kLKA, HHEEALINGEALRGL SR
= For example
» EXxpression: 2+2
* Result: 4
» EXxpression: 2+2*3
» Result: 8
« Expression: 2+3-25/5
* Result: 0
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int main() ‘
{ A A5 & KA RBA
variables / // pseudo code
while (get a line) { I what’s a line?
analyze the expression /[ what does that mean?

evaluate the expression
print the result

}
}

" 4o 4845+5/7 £ F A K&

" TN EEPHERAIS + 5 [ Fo 72

" de T AR EA5+5/T ) & B A 45+(5/7) & R & (45+5)/72
= fkig s HitH52 (sure!)

= fuikEAEZG?  v=7; m=9; v*m ?
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A

v XRERMNGTIEAGEFE — B— Xk grammar:

Expression :
Term
Expression ‘+’ Term e.g., 1+2, (1-2)+3, 2*3+1
Expression ‘-’ Term

Term:
Primary
Term **’ Primary e.g.,, 1*2, (1-2)*3.5
Term ¢/’ Primary
Term ‘%’ Primary

Primary :
Number eg.,1, 35
‘(‘ Expression ‘)’ e.g., (1+2*3)
Number :
floating-point literal e.g., 3.14, 0.274el, or 42 — as defined for C++

2 4 T A F 444 (Token) #t /T4 (6.0, & F Fo 2 H 7
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“ 4t 2 & Xk grammar?
= REFAAKXG—NEBEANE 4
" ML 4G R T e AT M — R KN
" Kk AR EFAEAEL? (HA)
o thde, i T @A ERG:

— 2*3+4/2

— birds fly but fish swim
© MRi@ T @ R 44%6:

— 2*+34/2

— fly birds fish but swim

= Az, oAt 2R ERG (4420) B2
" AR R e AT 4o 18 6 K2
= R A Ao ATk v H A Lo iE 7
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Parsing a simple English sentence

Sentence :
MNoun Verb Sentence
Sentence Conjundion Sentence

Conjuncton :
“and”
“or” Sentence Clonyj 1071 Sentenice
“bnt™ + 4 +

MMoun :
“hirds™ Moun Verb MNoun Verb
“fish" i I i i
=T+

Verb
“rules” “birds” “fly” “but”  “fish” “swim”
ﬁﬂyﬂ

“gwnm”
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Parsing the number 2
Expression: Expression
Term
Expression “+" Term
Expression “-" Term
Term: Term
Primary }
Term “*" Primary Primary
Term “™ Primary i
Term “%" Primary
Primary: Mumber
MNurnber }
wm E:H'.PI:EEI.'-I:II:I:I. o,
Murnber: floaimg-point-hteral
Hoanng-poimnt-literal T
2
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’kii“ Lok — “2+3” :‘??5-'

Parsing the expression 2 + 3

Expression
4
EnP.li__EﬂﬂB;lun: E?‘_Pré“iﬂn
EI'PIEEHLJ]:I_ & m .]-I.'-'.l'_l:l:l. T
Expression "= lerm Temm Term
Term: T T
ey | 1
Tﬂm i P " EI:'," PI]TEIT 1
Term “/™ Primary Primary
Term “%" Primary
Primary: ; )
Mumber u:|]:.|1 . m]mhl
-xl:!ﬂ E]'LPIEEHJr.u]:I. -H::I:u
Bhumber:
floating-poimt-literal
2 + 9
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s Uik — “45+11.5%7

i

Parsing the expression 45 + 11.5 % 7

Etpriaai::-n
E‘tpfrf:;“ Expression nim
Expression “+" Term T I
Expression “-" Term Term Term
Term: T T
] Prima j i
Term **" Primary i ¥ PHI:EI:I-’ PHTEIF
Term %™ Primary
“Term “%" Primary
Primary: Number Mumber MNumber
MNumber 4 } 4
“(" Expression *)"
MNumber:
floatng-point-literal
45 + 11.5 . 7

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

)
> * . .
- -

HA1E 2 &k B ERA

get() /l read characters and compose tokens
/[ calls cin for input

expression() // deal with + and —
/[ calls term() and get()

term () // deal with *, /, and %
/[ calls primary() and get()

primary()  // deal with numbers and parentheses
/I calls expression() and get()

iz &
HNBH LA EAERNE 2G> ABRLELAF LG A RS S ITRIE —
XA B AR A L AL B

A SALAE~NE LGRS, ENALEZALERGEIHE, HFLAG
B 4B T AR IR
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Token get(); // read characters and compose tokens
double expression();  // deal with + and —

/l return the sum (or difference)
double term (); // deal with *, /, and %

/l return the product (or ...)
double primary(); // deal with numbers and parentheses

Il return the value

v b & g Tokensk, &4+ 2 .2
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What,is a token?

A& 4148 2 fe i ~1E A — 4~ tokens &
" ERF4EL+HA(45-6) (BRALANFH, CLE2N54)
= 9N tokens: 1 + 4 * (45 - 6 )
= 6 A £ 4 ggtokens : number + * ( - )
< &/~ token A & AN3F 4
= 4% 4“kind”, e.g., number number i
= 44 value, e.qg.,4 4.5
e RMNEFE—-NER kAT Lk “Token” 694 ok
" BAT—FA2 28 H—-NEA, AARMNAE:
e get_token() At F HIKT —N
« t.Kind 4% fttoken &g £ A
 t.value #% fttoken 9 44
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Expression:
Term
Expression ‘+’ Term // Note: every Expression starts with a Term

Expression ‘-’ Term
14 Y2 3% 3 A 4 0 H AT AL 52

/l read and evaluate: 1 1+2.5 1+2+3.14 etc.

double expression()

{

double left =term(); Il get the Term
while (true) {
Token t = get_token(); Il get the next token...
switch (t.kind) { Il ... and do the right thing with it
case "+': left += term(); break;
case '-': left -= term(); break;
default: return left; /I return the value of the expression
}
}

}

USTC AUTO
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double term() I/ exactly like expression(), but for *, /, and %

{
double left = primary(); /Il get the Primary
while (true) {
Token t = get_token(); Il get the next Token...
switch (t.kind) {
case "*':  left *= primary(); break;
case '/": left /= primary(); break;
case '%": left %= primary(); break;
default:  return left; /[ return the value
}
}
}

< O0ps: & # 4% & i@ it
= O ztiF & H KA 2 !
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Term :
Primary

Term “*’ Primary /[ Note: every Term starts with a Primary
Term “/° Primary

double term() Il exactly like expression(), but for *, and /

{
double left = primary(); Il get the Primary
while (true) {
Token t = get_token(); /I get the next Token
switch (t.kind) {
case "*':  left *= primary(); break;
case '/": left /= primary(); break;
default: return left; // return the value
}
} N _
} FEBNEL, T—F A% LA

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

ﬂh; Fﬁ%\:’j“'}?&” ﬁ]ﬁ :55.

double term() Il exactly like expression(), but for * and /
{
double left = primary(); /Il get the Primary
while (true) {
Token t = get_token(); /Il get the next Token
switch (t.kind) {
case "*":
left *= primary();
break;
case '/":
double d = primary();
iIf (d==0) error(*'divide by zero");
left /=d;
break; W4Emhe, kX4 FHZEL
default:
return left; / return the value
}

}
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double primary() /Il Number or ‘(* Expression ‘)’

{
Token t = get_token();
switch (t.kind) {
case '(": Il handle “(’expression ‘)’
double d = expression();
t = get_token();
if (t.kind !=")") error(*"")" expected"’);
return d;
case '8": Il we use ‘8’ to represent the “kind” of a number
return t.value; Il return the number’s value
default:
error(*'primary expected"’);
}
}

USTC AUTO
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#include "'std_lib_facilities.h™
/I Token stuff (explained in the next lecture)
double expression(); // declaration so that primary() can call expression()

double primary() { /* ... */ }// deal with numbers and parentheses

double term() { /* ... */ } // deal with * and / (pity about %)
double expression() { /* ... */ } // deal with + and —
intmain() {/* ... */} // on next slide
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Main( )&

-
-

int main()
try {
while (cin)
cout << expression() << "\n’;
keep_window_open(); // for some Windows versions
}
catch (runtime_error& e) {
cerr << e.what() << endl,
keep_window_open ();
return 1,
}
catch (...) {
cerr << "'exception \n"";
keep_window_open ();
return 2;

USTC AUTO
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an answer

5 an answer

VV YV VYV VYV VYV VYV
N

Bad token an answer (finally, an expected answer)
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> 1234+56+78+9101112

> 1 an answer
> 4 an answer
> 6 an answer
> 8 an answer
» 10 an answer

“ Ahal 241694 5 487 T = NEKEL KX PH AN
" BTRE2H?
= F # & — Texpression( ) & #
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Expression:
Term

Expression ‘+’ Term // Note: every Expression starts with a Term
Expression ‘-’ Term

double expression() /[ read and evaluate: 1 1+2.5 1+2+3.14 etc.
{
double left = term(); Il get the Term
while (true) {
Token t = get_token(); Il get the next token...
switch (t.kind) { Il ... and do the right thing with it
case '+':  left += term(); break;
case '-':  left -=term(); break;
default: return left; Il <<< doesn’t use “next token”
}
} \ BB~ AR RES, AHE
} €@, %FHFEELEREA
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= CHN ST, ARz, & 41E Ztokensg o~k k£

double expression() // deal with + and -

{
double left = term();
while (true) {

Tokent=ts.get(); // get the next token from a “token stream”

switch (t.kind) {
case '+':  left +=term(); break;
case '-':  left -=term(); break;
default:  ts.putback(t); // put the unused token back
return left;
}
} \ Eeflmmf, BT
} VA 4k 42 4% A
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o atterm() fAa B &9 45 2k
double term() /l deal with * and /

{
double left = primary();
while (true) {
Token t=ts.get(); // get the next Token from input
switch (t.kind) {

case "*":
Il deal with *
case '/":
// deal with /
default:
ts.putback(t); // put unused token back into input stream
return left;
}

}

USTC AUTO
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s “‘TiE—S5 87 T
" R A4E A F — Ao K R 44
« Rz, FH=ANE?
c M2, FANR? (#MLHLRER)

= H&H, “TlE—S5 L7 RRGB @)
" AR5 FHND ‘TiE—8 L7 H, RMNMALHBRGRIE TIES
A A F 44

YL, @k kT HA—T!
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» 2342+32*3

> 2 an answer
> 3 an answer
> 4 an answer
> 5 an answer

“E2T? H6ANR
= R ARE “Hal” T—/tokenes ¥l %
© CAFH AL RN
= A2, FA13]~—A “print result” f4~
= B At F — ANEquit” A
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int main()
{
double val = 0;
while (cin) {
Token t=ts.get(); //rather than get token()
If (t.kind =="q") break; Il ‘q’ for “quit”
if (t.kind =="") Il *; for “print now”
cout << val << "\n"; // print result
else

ts. putback(t); /Il put a token back into the input stream
val = expression(); // evaluate

}

keep_window_open();

}

Il ... exception handling ...
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AL, HEBEARBEAT (RAGEGFTN)
> 2;
> 2 an answer
» 2+3;
> 5 an answer
> 3+4*5;
» 23 an answer
> q

™N LRBAAAD, RARS. ...
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= /X, %5 review
= o K,

USTC AUTO



