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* In computer science, the runtime system is software that
provides services for a running program but is itself not
considered to be part of the operating system.

» Examples include:

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 also 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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intaf[ll];
void readArray(){...
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int i;
1
=
int partition(int m, int n){
=
void quicksort(int m, int n){
int i;
if (n>m){

i=partition(m, n);
quicksort(m, i-1);
quicksort(i+1, n);
IR}
I

main() {
readArray();
a[0]=-
a[10]=9999;
quicksort(1,9);}
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enter main()
enter readArray()
exit readArray()
enter quicksort(1,9)
enter partition(1,9)
exit partition(1,9)
enter quicksort(1,3)

exit quicksort(1,3)
enter quicksort(5,9)
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f& itk (call-by-reference)
f%{E (call-by-value)

545 B (call-by-result)
f£44 (call-by-name)

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

swap(i,a(i)) :l:x;'
end

Introduction

* Logically parameter-passing has following possible
semantics:

~ IN: pass info from caller to callee
~ OUT: callee writes a value in 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)

Call by value

* IN mode:
* can't have an effect on caller vars
~ unless value passed is a pointer(C) or referece
* Used by many languages, C/C++, Java,
* How it works:
~ Formal param is just like a local name: storage
of formals in activation record of called proc.
~ Caller evaluates the actual params and sticks
their R-values in the storage for the formals

L-value and R-value

* L-values are values that have addresses, meaning
they are variables or dereferenced references to a
certain memory location.

¢ R-value is either L-value or non-L-value — a term
only used to distinguish from L-value.

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

 http://en.wikipedia.org/wiki/Value_(computer_science)
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* IN/OUT mode
+ General idea: XSS 3R A [ — N HF BT
+ Example languages: C++, Pascal
* How it works:
T MRESRLFHAFLEMNREN, KL-E (B, H#H
o)t
T WRARE LA (e.g.i+3), A s B STy R KK E,
FHARBIXA BT Rk
T ERAEET, RS H BRI E T H
(dereference)f&id % K F 4t

« Bl, the compiler does for us what programmers are forced
to do themselves in C to get IN/OUT by “ pass by pointer”

Call by value-return

¢ IN/OUT mode
* General idea: I REEH K, REIRFR X
o T FEFortranLIH I, HAthHcall-by-

reference
¢ How it works:

- AHEXSESK{E, R-values are passed(as in
pass by value). L-values are also computed.

- MBI IREIN, current R-values of formals

are copied back into L-values of actuals.

th, 3‘(call-by-referencefrﬂvalue-return

. \é?lue-returnftﬂﬁﬁﬁ/iélﬂﬁﬁﬂ%j(; B &5 R
N
« value-return ] F7E {8 A & A& AL T A [F sk
ZX[E] (4IRPC)
s EN_HSBEAFELER

Call-by-name

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

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

¢ How it works

~ the arguments to functions are not evaluated at
all — rather, function arguments are substituted
directly into the function body using capture-
avoiding substitution. If the argument is not used
in the evaluation of the function, it is never
evaluated; if the argument is used several times,
it is re-evaluated each time.
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int i;
int A[3];
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void Q(int B) {
A[l] = 3;
i=2;
write (B) ;
B =25;

}

int main() {
i=1;
A[1]
A[2]
Q(A[il);

}

2;
4;
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FORTRAN771 % 7 Bt

+ Calling Sequence

T HEHES

T SLBEAFIRAEROR
F R NS H T

- RAFIR [l bk

T BREBIBORE S
AE A

* Return Sequence

T B RN [E bk

EiTRAA
A2 IR AD

AR A
EREBFER
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PROGRAM TEST
COMMON MAXSIZE

INTEGER MAXSIZE

REAL TABLE (10) , TEMP

MAXSIZE = 10

READ *, TABLE (1), TABLE(2),TABLE (3)
CALL QUADMEAN (TABLE, 3, TEMP)

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

PRINT *, TEMP DO 10 K = 1, SIZE

END TEMP = TEMP + A (K) *A(K)
10 CONTINUE

99 QMEAN = SQRT (TEMP/SIZE)

RETURN
END
MAXSIZE
TABLE (1) 9.3.2 Ilf B} 7 = By Hb bk B
- o PEAR DY T AN B i L2 A
TABLE (20) AR AR
B T S B A
‘5‘
= 1 AR B A RSN AR AE ] BLAS F— /N EA R T
SIZE = R I AR 44 R A IR A Hh R 4 B I AR
WA AN AL eI e RS T — ke
QMEAN fITHIAE 3802 2 ik 1
return address
TEMP SERE LR BERE, REREFANEHEETT,
T SR A R38R 4 B AN AR XA B Te 4y
TEMP + A(K)*A(K B4 Yalin 2 E, B9 —ANFE$E T,

TEMP/SIZE
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void Q( )/
Kol 3]
}

“RE” FRINTXF5
L't k4 i {Ea
B $a at+l
X D $a+1 at2
— S$a Sat+l $a a+l
X E F $a+1 at+2
+ S$a S$at+l $a a+1
= $a X TR B k++3 ] ) B K-
il
#include <stdio.h>
int x,y; i
int ged(int u, int v){ main
if (v==0)return u;
else return gcd(v,u$v); ged (15,10)
}
main () {
scanf (“%d%d”, &x, &y) ; ged (10, 5)
printf (“%d\n”,gcd(x,y)) ;
return 0; ged (5, 0)

}
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x:15 A P
v-10 1%/%‘\»5 ﬁj
mainEFitxk

u:15 #1kiAMged int x=2;
v:1(3€é EFHinE main void g(int); main

- ﬁjmﬁ void £ (int n){ |
w10 |#2k#Agea 010 static int x=1; Q)
v:5 EBhitk g.(n) ! .x——; }
Frhlsd void g(int m) {
B ged (10,5 int y=m-1; ORI
u:5 £3KiAMAged if(y>0){
v:0 ‘;’@'%iﬂi ng(S,O) ) f(Y); X==7 g(Y); }} g(l)

fp— > H#EHl4E main () {
sp— A E Mk g(x);

=W X IL REXFTH return 0; }

x:2 AB/BAR

x (f):1

main@F it xE . x:1 2h/#BERX
( m:2 A gt 3hie e x (£):0 main

FH4 % mainiEshiak

8 B M 3k g() < m:2 A gt 7E Zhin

y:1 FH\4E % g(2)

n:l R R E 33T Ié\i%bh

L EH4 * £(1 1 y:
< 8 1 b 3k ) 5 %; AR gt & Bhn £Q1) g (1)
m:1 AR g E ST | ~ dEhlE *
~ HEEA x g(1) fpf £ bk
fpf A E Mk sp— YO g
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m:1
£p EHIE T mOffset
3R = Mk £f
y:0 ! yOffset
m:4 (fp)
y:-6(fp)

void f(int x, char c){
int a[l10] ;double y;...}

x

c T Offset of x
fp— s = H% T Offset of ¢

iR ) 3k
a[9]
.- Offset of a

x:+5 a[l]

c:+:‘l a[0] !

a:-

gi-32 y + Offsetof y

(-24+2*i) (fp)

Calling Sequence

-Egi%%%%mﬁmﬁm%j%ﬁ%ﬁimﬁm
o Refp LT 3D KK H g

- Bpig MFESIDRKIITHEAE (Rsplissfp)
« RIFREHAEBIFIE SR RS (WRE)

o BREE 2R RR HACRS

FIRTALP R G RABEARA AR RLFF) . XA~
RAFF| H—NEDHIRFERTFRER, F4£
RREHFEFTREEE. -

Return Sequence

. Kefp R HIFsp

o BIEHIEERAD

o BkEE IR [F] it

s BRspEIBHEIERESAE

B AR T T R — B LM R, CRINER

A

A, HAARIERS AR S RZE®REIIT.
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m:2

- R

AR g

fp——s

1R 1] b, bk

EFILE

y:1

sp——>

B

void

g(int m){

int y=m-1;

if (y>0) {
£(y)
gly);

x--;

}}

main

g(2)

f£(1) g (1)

g(l)

L EES

m:2

e

fp—s

sp——>

5 B ik

y:1

m:1

LS

WA gl & BT R

fp

Yy

sp——>

L EES

m:2

- Eelet

5 B ik

y:1

m:1

w8

ZHKX

A g E TR

fp——>-

sp——>

L EES

m:2

e

5 B ik

y:1

m:1

Iz w4k

18 1] Ho, bk

LTS

A g E F TR
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REEKBE

R EXS
m:2
- ERE | o gnisshin s
14 =) ik
y:1
m:1

Yy

PR B - R e

iR ) ik
y:0
ZHRX

sp——>

© RN EANHZN
S CEUE DA 4

REEKBE

REEKBE

o ESHMEXR A NA—F
printf (“$d%$s%c” ,n,prompt,ch) ;
printf (“Hollo World\n”) ;

. REHFR
T ISR R IR TR
T B—ASEULE RS EAN BTG
- NEBEZASEUNL BT IRTREEES G
T SENBURTERIT: +4 (fp)

- BARSKANGEIOR AR A—F
© REBAZE R NFRORH 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;
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[[ BREE
low:.
high:.
A:
size of A:10
ep— L B |\ g8 sumet 6 itk
185 dhik
i:.
S I Y T
A[0]
sp—> >
ZHEK A[i]#HbiL:
@6 (fp) +2i
AR # TR 75
e par T,
* par T,
.. e par T,
.. e par T,
e par T, ..
e call P,n ..
* par T,
 call P,n

C W& 3L
# %n
51
n n: B At
. 5l | SsA Hoffset
P 34 Mk
BT F1
s BAFRETm
P ZHR
b VE S0 TR R,
# £n =X
.. to AHREEL | BHEL
B A1 P . W& &
n B3 EEm | MELE
o 4 # £n
38 E] HL bk '/‘ .
RS 3 iz
ErEs oy EE R
°F TRE | sp—| EHE
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callig 4 Wy B &

N
N
5

e call P,n

|
o -
[y

a4t

fp

8 E] 3 hk

* pushn
* push fp
o fp=sp
o jsrP

BT FL

EEER T

Sp

« push iR [B}#hk
* sp=sp-L

parif 4] Y B %
* par T,
# %n
. i=1..n
H A1
‘ n * Call-by-value
" #=H -
p ‘ push T;
B E I T ilspl=T,
EIHEF1 + Call-by-reference
__ [B¥EEm| | puhaddr(D)
p TR ~ i[sp]:= addr (T))
returniZ & B B &F
+ return (E)
# %n
H A1
o « BUERELRFAEF
- #=H
fér_\’]%h]: e x:=-1 [fP]
FEEZEL| | yelliph2
... s sp:=fpty
e ,%jé;é%m  fp:=0[fp]
z * UJ0[x]

HOM LW ik

(i+3)[top]:=T;
1[top]:=sp
3[top]:=n
JSRP
sp:=top+1

1[sp]:=i [=] it

top:=top+L
top:=sp-1
sp:=0[sp]
x:=2[top]
UJ 0[x]

i=1..n

AHREFL

top

A EEm

# An

B A1

n

18 18] 3t ik

o EWE

14



Compiler2012RuntimeSystem

9.5 HERREFTHRKX LI

- WHRBHEE

procedure P(..) {
procedure Q(...){
procedure R(..){
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Pascal #3372 4 By &% A 1F 32

* The static scope of the name of a procedure
determines all the procedures/functions that can
call the procedure.

* The static scope of the name of a procedure p() in a
Pascal program is defined to include:

~ The procedure p() itself;
~ All the procedures defined directly within p();

~ The procedure within which p() is defined, say
10;

~ All the procedures defined after p() within f(),
and in turn, all the procedures defined within
them either directly or through other procedures.

P AE R A LT K

- Bfw
T 4R RIBTRAAANE ERFTRSNE SRR
HG B LRk
- ik
T RESANMNES R ERTESLRKIMLE

1. RA#HSEAT

R BYIITIE ML R A IRl
Q RYm A BhLC R AT HELE 2 REEAETE
P BYERFTIEshLD R Ak DISPLAY F% 3%

program nonLocalRef;

LR B4
xar n-integer:
procedure q;
begin
(* a reference to n is now nonLiE3)
nono-local non-global¥) .a%
end; < - oz
procedure r(n:integer); B *E%l]% A A pﬂd—
begin iR ) Mk LR
q; n:1 ‘ -
end; 2
begin n" 1 F) rﬂﬁ‘
ni=l; - BRI ik
;<2) i < 18 =) 3 ik
end; 5 .
fp - BRE |AMAqHE
begin sp — BE M [EShinEk
pnzl ﬁ m E
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e program chain;
351 P B nonl.i% 5) procedure p: B _Af|F
/ = = LR var x:integer;
\ w T procedure q; ]
S o 3 Y i)%])ﬂpﬁ procedure r; chain
i =) Wk FEITR begin < 17 e 4
n:1 x:=2; /\ FEHE
?f? . ié.:.. then p; Q?CJhbhk P
1{15]4% y ?[-])ﬂ r‘ﬂaL end: X: .
N *ﬁ%‘]% '/%ijj’iai begin W]‘;]ﬁ P
iR E) Mo 3k r; N At q
’iﬁl\‘;]% ] . el'.ld,' ié@i{blh]: >
£p | HH AR begin FRE
ampar | TR o £p I~ Hhls '
sp — = 4 :
o ~6(x] op —{ it
re9fl: 4[fp] WA - i : -6 [x]] —

s s program closureEx (output) ;
r I:]:l i 8] x % F#&null ﬁﬁ)@ 72‘%'3( procedure p (procedure a);
616 begin

a;
end;
procedure q;
var x:integer;
procedure r;
begin

writeln(x) ;
end;
begin
x:=2;
p(r);
end;
begin
q;
end.

—f%, levelAd £k#y
%, BEEkREHF
3, H—KkIER £p
EARk-1kAr

NG N N N

fp —

sp—>
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Fr A % 4 H

pi<ip,, > |&A/HER
q:<ipg, >

- WHaZ Mk

fp
sp

cloEx
< 17 Pl4Enull

~ ﬁ%‘]!ﬁi N q
18 5] 3t 3k
x:2

r:<ip.ep,>

a:<ip,ep,>

5 Fl4%null| | p

Ny
< EE

7 4k
—p~ A |
| BERki

cloEx cloEx
<i7}"l‘%§;nu11 <i7}fl‘%§;nu11
T EHAE q 71~ EHEE g
:/ B E 3 {/ B E A
' J o x:2 ‘} x:2
a:ip;ep> aiip;ep>
% Fl4%null % F4%null b
Fp — FEHIEE p N ek
| EEdhi 18 = ik
=P ZWR ( R
. TR 5] Hi X
PR pZ 5 694 sp —
ARp it T aWE
HEERK

program chain;

« X B B EY; R B R AR R B i
ZEMESCRT, —BREREIE

o [EEYT RRAE R E = LA ERNRER X - € X
HEMIRER K

- EXARKKRERK:
T EEFRERKAO
T FEIERIRE XA B, AT, 6
FIRE RN, 18 0N

i =, procedure p;
@J&%Elk var x:integer;
procedure q;
* level 0 procedure r;
~ chain begin
=25
e level 1 x
Tp:x if ... then p;
* level 2 end;
begin
q r;
* level 3 end; FriE it (level
“r begin 3) PiEMAWEE
end CE L GE A
begin %ﬁ%#&éupéﬁ /%ijl
Y 1T (level 1).

and
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#l. P258#% £ B R K & E1E A=

program P;
var a,x:integer;
procedure Q (b:integer) ;
var i :integer;
procedure R(u:integer; var

v:integer) ;
var c,d:integer;
begin

procedure S;

var c:integer;

if u=1 then R(u+l,v).. b‘?Ei{‘
v:=(at+c) * (b-d) ; ai=Li
.end; Q(c);
. ..end
begin.. beqi
R(1l,x); .end; €gin
a:=0;
S; ..end

P258#% B E KN AWK~
—P
Q
R
1?'1 u,v,c,d
a. x ;’ :a,:b,:R
' 2
:S —1
—S
c,i
:a,:Q
—0

THRSHENWRHENEH

W B 2T
AEa=E
RAREE
I EL T
HHIANHK
HAu
IR E) Ho 3k
sp—| HAH#

top—

OF NWbBUON®
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952 XFAHKEERE FERMWNIEILFE

B\ DISPLAY % DL 5 89 V& 3118 3%

s WEEHCFEHEE A/ DISPLAY®

o WMRHUFLRIKEE X NKUIDISPLAY R A k+1
AT

s IKMOE . 1E—EFIHETE, 8% T HardfE

FIAE IR E S R B E e R AL E
—0&
Y47 & £p L& 2 41 2
HBINEEP H# ll;};;:
AR EH LRI Efp .. [
.. K
Z0Efp PR k-

LAt AR A AR

top——| WBHFT [ EEZ3
T 17 N Y T
ALY 3 BFREE
Display 7 X
7 XE A2
BHENK A
42 k) Display 18 \E] 3 3k
iR ) ik sp—| BH&H
sp—| BHAH
PR QU By Ay 2

- dEREERIV) Rk
T ARl = display [FREEE] HAHX AL
T ARSI RN EREENE
- YIRS
~ LD r1, (d+k)[sp]
- LD r2, x[r1]
- dAdisplayK1{w T &
- kKAGI RSN EE EER
" U3 RERNGE R
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# AR — R RE B AR A A

e 2 SLDISPLAY &%

- EEPHAEMQ, EHQMWERIIENR, M2l
AT QI IDIPSLAY % ?
- RLEP
- REPHISE
- HEBRPEANQ, MATIEEHAHQ

—k

P

k<=i, k<=j

i

[Q
—_ - —
Lk J

W R By DA 1 BOR A F DR E 1 w1 2 Y DA 1 OB & DR R 2

« RELAZP : PMIDISLAYE+E M Qg4 « REPHISNE
- PIDRFHIRTk+14 + ¥ QIITRET

—R=P Q¥ f£p T
0 P# fp P# fp “R ° - — T
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SR e %y LA par T, T A 3 4
+ par T, THEA - BETHAEBRE
* par T, THERE " SRR BB — B AR A BT B A
- par T, THIFE (B S
o fEIE T B Mkt
par T, T T 9.6 3 R 3 A it 4 B
« PEEREAEZIHHQ, QT ENLTIMAESIHH - BRRXMBNEHIF
R, FBAZE R W7 23 E FIDISPLAY R ? ~ PascalffJnewFdisposei&f]
- PEETIAR = CHJmallocH freei’ ]
- PRLERRIVE SN Z ~ JavaffinewiEf]
- PRREERNERESIINE - BRRIBIERIK
- Q& EDISPLAY TG BEEPHIDRA L ~ Pascalffinewfldisposei&f)
« PiEFCall QR) i, ERAESHEME - CHJmallocHifreeisf]
- <RRRBAH, HFEEDEAD> « BRRBHERIR
« QfkCall ARY, AKIEN EEAG ~ JavaffJGarbage Collection
- SRA AP I I REDISPLAYE ~ Lispff/Garbage Collection
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¥R 2 S H LI TRREE G R RRBEHEN R
- EKBREH o BAEENE
. BKHEHE - RTINS NS B RIS
T HKE N T A ATREAEIR/NIRE
- BN - REE KRB R KRB
- BRI T ol BBUHEBRRER
. REGMNE
SRR B A AR EROR /T B 1B L
T ORFEHR KRB MK
s BIRENE
T HEENHE, AT FZE
T REEHLH/DBIRIKF
% X 7 fi# = ¥ (Garbage Collection) E b
» Mark-Sweep /5% + P269-271
« Stop-Copy /7% - 4,5,6,9
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