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® |n computer science, the runtime system is software that
provides services for arunning program but isitself not
considered to be part of the operating system.

= Examplesinclude:

& the code that is generated by the compiler to manage the
runtime stack.

& library code for handling memory management (for example,
malloc).

& code that handles dynamic loading and linking.
& debugger code that is generated at compile time or run time.
& application-level thread management code.

¥ Byte-code interpreters and virtual machines can aso be
considered runtime systems.
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® The structure of the target computer’s registers and
memory that serves to manage memory and maintain
the information needed to guide the execution process.
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program sort(input,output)
TR /ﬁij] var a array[0..10] of integer;
X:integer;
procedure readarray;
RRIIES: % variinteger
MEM—kidr | bednoaoed oo
T procedure exchange (i,j:integer);
"EEEANEN  beanx=afiialil=alal]=x end
: Y procedure quicksort (m,n:integer);
BRI RE: 5 var k,v:integer;
b)) N FEC ST S| function partition (y,z:integer):integer;
m 548 1 AR var i :integer;
Vi BE T ) 42 2 A begin ...a...v...exchange(i,j);...end;
(EFI AR | bean if(nomihen begin
B, Rfss A e
= 2T gucksort(m,i-1); qucksort(i+1,n)...end
AERER end:
begin...readarray; quicksort(1,9) end.
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® {& ik (call-by-r efer ence)
® {£{g (call-by-value)

® 1545 8 (call-by-result)

® £ 4 (call-by-name)

procedure swap(n,m:real);
var j:real;

| ntroduction

® L ogically parameter-passing hasfollowing possible
semantics:

@ IN: passinfo from caller to callee
& OUT: calleewritesavaluein the caller

& IN/OUT: caller tells callee value of var, which
may be updated by callee

® However, different mechanisms of implementing
IN/OUT can have subtle semantics differences

® Some languages support many param passing
modes (C++:by value, by reference, by const-
reference; array-mode), some few (Java: by value)
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Call by value

¥ IN mode:

¢ can’t have an effect on caller vars

S unlessvalue passed isa pointer (C) or referece
® Used by many languages, C/C++, Java,
® How it works:

& Formal param isjust like alocal name: storage
of formalsin activation record of called proc.

¢ Caller evaluatesthe actual params and sticks
their R-valuesin the storage for the formals

L -value and R-value

® L -values arevaluesthat have , meaning
they arevariables or dereferenced referencesto a
certain memory location.

® R-valueiseither L-value or non-L-value— aterm
only used to distinguish from L-value.

® In C, theterm L-value originally meant something
that could be assigned to (coming from left-value,
indicating it was on theleft side of the = operator),
but since 'const' was added to the language, this
now istermed a 'modifiable L-value'.

® http://en.wikipedia.org/wiki/Value (computer_science)
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Call by reference

® IN/OUT mode
® General idea: JESE S35 17 Rl — WA HLTT
® Examplelanguages: C++, Pascal
® How it works:
o MERBRLFHRAGL-HIORER, L B, H#
) %,
s WRAER L-E (e.q.,i+3), U ke o RiA K
B, e IoH ik
o 7SR T, LRI TES 5| RS Re i 13 W 5 | H
(der eference)f&id 2 IFR4ER

® B, thecompiler doesfor uswhat programmers are forced
to do themselvesin C to get IN/OUT by “pass by pointer”

Call by value-return

® IN/OUT mode
® General idea: P EZ R, &REIK R X
B BF: FtFortranSEBLA B, HAthF call-by-

reference
® How it works:
SAHEXSESKME, R-valuesarepassed(asin
pass by value). L-values ar e also computed.

o MAE IR [EIRF, current R-values of formals
are copied back into L-values of actuals.
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b Bt call- by'referenceﬁﬂvaluereturns»‘ o :

® value-returnfETA AR BN 4K HEESIHA
#r7)N

® value-retur n o] FZE 18 A & Ak i 3 AL T A [F] H bk
Z=6) (ARPC)

m G % A F R AL R

Call-by-name

® IN/OUT mode
® General idea: similar to macro-expansion

® Example laguages: Algol-60, some functional
language (Haskell)

® How it works

& theargumentsto functions are not evaluated at
all — rather, function arguments ar e substituted
directly into the function body using capture-
avoiding substitution. If the argument isnot used
in the evaluation of the function, it is never
evaluated; if the argument isused several times,
it isre-evaluated each time.
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int i;

int A[3];

void Q(int B)
A[l] = 3;
i = 2;
write(B);
B =5;

}

int main()
i=1;
A[l] = 2
A[2] = 4
Q(A[i]l);

9.3 B[

® e
RS TEE SR
m R e I R A

Yinliang Zhao

11



Compiler2008RuntimeSystem

9.3 B[

W AR R R ARSI

® RN EERE—MES)
it

® 5 B LRAEHAT ZHI 23
[L3/38

® LR FEHERZRE, "
SGBu iprch: 8! W=k 327 L

FORTRANT77% %/ Hit

® Calling Sequence
sHHHEES
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AB R

¥ Return Sequence
& Bk 21 [B] ik
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#|. FORTRANT7771i# 4Bt

PROGRAM TEST

COMMON MAXSIZE

INTEGER MAXSIZE

REAL TABLE(10), TEMP

MAXSTIZE = 10

READ *, TABLE(l), TABLE(2),TABLE(3)
CALL QUADMEAN (TABLE, 3, TEMP)

PRINT *, TEMP

END

fl. (4)

SUBROUTINE QUADMEAN (A, SIZE, QMEAN)
COMMON MAXSIZE

INTEGER MAXSIZE, SIZE

REAL A(SIZE), QMEAN, TEMP
INTEGER K

TEMP = 0.0

IF ( (SIZE.GT.MAXSIZE) .OR. (SIZE.LT.1)GOTO 99
DO 10 K = 1, SIZE

TEMP = TEMP + A(K)*A(K)

CONTINUE

QMEAN = SQRT (TEMP/SIZE)

RETURN

END

Yinliang Zhao
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TABLE (1)

TABLE(10)

TEMP + A(K)*A(R
TEMP/SIZE
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void Q( ){
HHE )
}

#l

#include <stdio.h>
int x,v:;
int ged(int u, int v){
if (v==0)return u;
else return gcd(v,u%v);
}
main() {
scanf (“%d%d”, &x, &Y) ;
printf (“%d\n”,gcd(x,yY));
return 0; ged (5, 0)
}

ged (15,10)

ged (10, 5)
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A

v:10 TR
I:Imain‘}%@b‘iﬂ;%

u:15 % 1K Fged

v:10 FHILEK

=44

iR =) Mo hE

u:10 H 24 AMged

v:5 EFiTER

FEHHE ged (10, 5)

iR =) Hb, bt

ged (15,10)

% 34K A Mged
EFHiILE ged (5, 0)

| #ExFE

#l

int x=2;
void g(int);
void £(int n){
static int x=1; g (2)
g(n); x--; }
void g(int m) {
int y=m-1;
if (y>0){
f£(y); x--; g(y); }}
main () { g (1)
g(x);
return 0; }

(1) g()
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m:1l

void f(int x, char c){
int a[l1l0];double v;..

:t+5
:t+4
:t-24
t-32
-24+2%*1i) (£fp)

Offset of a
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Calling Sequence

T SES IR TR I A W ST RV Bl i K E A
(AR

B R p A7 OCAE BT 4 Bh i SR B il

m K fpiR MFNE S RIFIRA E (RlspliR&afp)
® RAFIR [ Mk B FE S DR (R

m Bk 2 i AR D

Return Sequence

® Rrfp R il Blsp

R R R A Tp

® Bds 23k [B] ik

F BRI BB RS ME
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void g(int m){ g (1)
int y=m-1;
if (y>0){
£(y); x--;
g(y):; }}

AR LA

LHE | gmgriE ok
iAo bt
yv:1l

m:1
=X
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RER KB H
B LS A BRI AR A

printf (“%d%s%c” ,n,prompt,ch);
printf (“Hollo World\n”);

m b
6L SR BRAH R IR PR 5
s E—NSENL BRSNS
s B ZANSHALE FFIRBEEES G
SSPNTERTT: +4 (£p)

RER KB H

® B TGS KD RR N A —#
® 5 ERE L AR B R/ N I A —
type Int-vector is
array (INTEGER rang<>)of INTEGER;
procedure Sum(low,high:INTEGER;
A:Int vector)return INTEGER
is
temp: Int Array(low..high);
begin ..

end Sum;

Yinliang Zhao 24
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sizeof A:10
FE=H B

C Wy shin
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i ) SUMBT /& Zh it %

A[i]%3ht:
@6 (fp) +2i
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Fpar T,
Fpar T,

Fpar T,

Ecal P,n
Fpar T,
®call P, n

W A 7 310 R R
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par i& 4] By B iF

calli& 4 iy B &

® Call-by-value
Spush T,
Bi[sp]:=T,

® Call-by-reference
Spush addr (T,)
Si[sp]:=addr (T,)

® push iR [F] bk
| sp:sp_L
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retur niE A &

A Loy %

™ (i+3)[top]:=T;
™ 1[top]:=sp

® 3[top]:=n
®JSR P

¥ sp:=top+1

" 1[sp]: =ik [ hk
¥ top:=top+L

® top:=sp-1

¥ 5p:=0[sp]

¥ x:=2[top]

® UJ O[x]

Yinliang Zhao

"B R4 B P

® x:=-1[fp]
®y:=1[fp]+2
¥ sp:=fp+y
™ fp:=0[fp]
® UJ 0[x]
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procedure P(..){
procedure Q(...){
procedure R(..){
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program nonLocalRef;

procedure p; 7\9 ’ﬂ' /A ;Fim %%

var -n:integer;
procedure q;
begin
* 3 ~ -
(* a reference to n is now noanﬁzb

nono-local non-global¥*) [:::::::::::J\ =
1Tk

end;
procedure r(n:integer); ? ﬂaﬂqp&f
begin iR ] Mo hE EFhin gk

qi n:l
end;

e » :%214& AR
n:=1: ne 2| £ S -] sq =

I X }%Zﬁ EJ/‘

cnds wmpi |
fp FEHeE [FAQE

begin BE M | FEBITR

D; sSp ’—‘ -
end § ,ﬂ lz.

[ ]
7 T
=54 ) JF) peef
iR 5] #o bk E IR
n:l
n:2
ARk W A
| E TR
I8 5] #o bk
7 9] A&
Rk 3
iR 5] #o bk

W gt
EITER

pFPniyibit: -6[r]
ri){i: 4[£fp]
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program chain;
procedure p;
var x:integer;
procedure q;
procedure
begin

Yinliang Zhao
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17 ¥) 4%
=) 45
iR ) 3b, bk

1ﬁﬂ€i
B r—4[£p]
B b q

r<4[r]

‘Wl‘;]null x{i: -6[r]

Pyt

B M hE

X:.

7 e —f%, leveltd £k#)

Pyt . ) L 5 =

B q] 1%, ER2rRERrF
/é‘ ) %—;k'fi)ﬂ fp
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program closureEx(output);
procedure p(procedure a);
begin

aj
end;
procedure q;
var x:integer;

procedure r;

begin

writeln(x);

end;
begin

xX:=2;

p(r);
end;
begin

d;
end.

WA S 3 AL

7 ¥ 4Enull 7 F4%null
F=H 4t g k3
iR =) Ho bt iR 5] B 2k
x:2 x:2

a:<ip;ep> a:<ip;ep>

% F4%null % Pl4tnull
EH# Fog ki3
iR =) 3, 1k iR =) ik

2 7 F 4%

k3

iR V5] Hb hE

SD
BRaz e | ERRX

i pZ g B A%,
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program chain;

@m.§&¥§£§zk procedure p;

var x:integer;
procedure q;
Flevel O procedure

& chain begin
x:=2
¥ level 1
Sp: X if ... then p;

" level 2 beg‘ia::d’

e r;

" level 3 end; frEshink (leve

or e 3) b5l g

ends X 5 7 8] 4847 ]

begin FA4BIRB| payE D)
; iz (level 1),

anAd

%l. P258#k & B K K & & 1E i &

program P;
var a,x:integer;
procedure Q (b:integer);
var i :integer;
procedure R(u:integer;
v:integer);
var c,d:integer;
begin
if u=1 then R(u+l,v)..
vei=(a+c)*(b-4);
..end;
begin...
R(1,x); ..end;

procedure S;
var c:integer;
begin
a:=1;

Q(c);
..end
begin
a:=0;
S;
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® kR E V7 A Hidk
sl = display [FSEH] +AEX ik
sHSEHIEE RN ERTENE
® 5 ) $5 4
aLDrl, (d+k)[sp]
SLDr2, x[r1]
sdAdisplay iR &
sk AT HBETREESR
sx A5 HZENRBEE
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par T, T A4

m % T i

& §§ﬁéﬁ HI4E S — BUE A TRAR B BT 3h R

W AR T ) Hudik

par T, T

iR H
R, AA7EHRE WAL ERDISPLAY R ?
s PEE T HR
o PRt 2RK EEIMNE
sPREERNEESNE

® PfadCall Q(R) i, £IBATESHMENE
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® QA Call AR, AM{E N LAME
sSRARART IS —THETREKIDISPLAY &
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® 5 RBIE R
& Pascal [\l newFldisposei& f)
 CHImallocHifreeiE ]
s JavafInewiEa)
LS W PP 29
& Pascal [ new#1disposei& 1]
& CHImallocHifr eei& ]
m {3 SRR
© Javaft)Garbage Collection
& Lispf)Garbage Collection
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