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Fundamental Characteristics of Subprograng
1. A subprogramhas a single entry poinf

2. The caller is suspended during execufi o
cal | ed subprogram

3. Control always returns to the caller |whe
cal | ed subpregeacution terninates
Basi c definitions:

A subprogram definitiiena description of the
actions of the subprogram abstraction

A subprogramcall is an explicit request fhat
subpr ogram be execut ed

A subprogram headeris the first line of the
definition, including the name, the kind|of
subprogram and the formal paraneters

The paraneter profofl @ subprogramis the
nunber, order, and types of its paraneters

The prot ocolof a subprogramis its parameter
profile plus, if it is a function, its fetu
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A subprogram decl ar at i pnovi des the protoc
but not the body, of the subprogram

A formal paranetérs a durmy variable listeg
the subprogram header and used in the
subpr ogr am

An actual paraneteepresents a value or ad
used in the subprogramcall statenent

Actual / Formal Parameter Correspondence:

1. Positional

2. Keyword
€. gSORT(LI ST => A LENGTH => N);

Advantage order is irrelevant
Di sadvant ageer nust know the formal
s nanes paraneter

Defaul t Val ues:
€. gprocedure SORT(LIST : LIST_TYPE
LENGTH : | NTEGER : = 100);

\ SORT(LI ST => A);
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Procedures provide user-defined statenent

Functions provi de user-defined operators

Design I ssues for Subprograns

Are paraneter types checked?

Are local variables static or dynam c?

EalE R

What is the referencing environment of
subpr ogr an?

o

Are paraneter types in passed subprogr
checked?

Can subprogram definitions be nested?

Can subprograms be overl oaded?

@ N o

Are subprograns allowed to be generic?

9. |s separate or independent conpilatio
suppor t ed?
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Local referencing environnments
I'f local variables are stack-dynanic:

- Advant ages:
a. Support for recursion
b. Storage for locals is shared ant
subpr ogr ans

- Di sadvant ages:
a. Al abedlilovat i oni me

b. Indirect addressing
c. Subprograms cannot be history s

Static locals are the opposite

Language Exanples:

1. FORTRAN 77 and 90 - nost are static, b
have eit$rE forces static)

2. C- both (variables decl aredtto bee)
(default is stack dynam c)

&Pascal , Modul a-2, and- Adgnani ¢ on\y
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Paraneters and Paraneter Passing
Senanti c Mdel sin node, out nodenout node
Conceptual Mdels of Transfer:

1. Physically nove a val ue

2. Move an access path

| mpl enent ati on Model s:
1. Pass-by-value (in node)
- Either by physical nove or access pat
- Disadvantages of access path method:

- Must wite-protect in the call
- Accesses cost nore (indirect a

-

- Disadvantages of physical nove:
- Requires nore storage
- Cost of the noves

\ J

Copyright © 1998 by Addison Wesley Longman, Inc. 5

' Chapter 8 \

2. Pass-by-result (out node)

- Physical nove is usually used
- Di sadvant ages:
a. If value is passed, tinme an

probl em
e.g.
procedure subl(y: int, z: int);
subi(x, X);
x Vah uehefcal | er depends on d
assi gnments at the retur
3. Pass-by-value-result (inout node)

- Physical nove, both ways

- Also called pass-by-copy

- Di sadvant ages:

- Those of pass-by-result
- Those of pass-by-val ue
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4. Pass-by-ref eriempet (node)

- Pass an access path
- Also called pass-by-sharing

- Advantpaesi ng process is efficien

- Di sadvant ages:
a. Slower accesses

b. Caal iahdiavg
Actudl paraneter collisions:
e.g.
procedurte siuitlya:
subi(x, x);

ii. Array elenent collisions:

e.g.
subl(a[i], a[j]); /* if i =j */
sub2(aA 8pi]);

iii. Colligicomabsanaghobal s
- Root cause of all of thes|

subprogramis provided w
trteanl desalrsecessary

e i
der

- Pass-by-val ue-resul t doe:
aliases (but has other pr

Copyright © 1998 by Addison Wesley Longman, Inc. 7

no|
obl

/

\

5. Pass-by-name (nultiple node)

Formal sare bound to an access method

By textual substitution
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time of the call, but actual bin

or address takes place at the tife

reference or assignnent

Purpose: flexibility of late bindi

Resul ting semantics

- If actual is a scalar variable
it is pass-by-reference

- If actual is a constant expressi

it is pass-by-value
- If actual is an array el enent,
it is like nothing el se
e.g.
procedure subl(x: int; y: int);
begi n
1

nd; '
subl(i, a[il]); j

o< x< X

Copyright © 1998 by Addison Wesley Longman, Inc. 8

at

in

' Chapter 8

- Pass-by-nanme is default; pass-by-val
optional

- If actual is an expression with a
a variable that is also accessibl
program it is also like nothing e

o

e.g. kabsueegl obal variable)
procedure subl(x: int; y: int;
2 ?

subl(k+1, j, i);

- Disadvantages of pass by nane:
- Very inefficient references
- Too tricky; hard to read and unders

Language Exanpl es:

1. FORTRAN
- Before 77, pass-by-reference
- 77 - scalar variables are often |pas
val ue-resul t
2. ALGOL 60
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3. ALCDL W I npl enenti ng Par amet er Passing Mul ti di mensional Arrays as Pararnet
- Pass-by-val ue-resul t
4. C ALGOL 60 and nost of its descends# & he - If anultidinmensional array is passed to a
- Pass-by-val ue run-tinme stack subprogram and the subprogramis separatgly
conpi | ed, the conpiler needs to know the|
5. Pascal and Modul a-2 . - Value - copy it to the stack; referenges declared size of that array to build the st
- Default is pass-by-value; pass-by-r indirect to the stack nmappi ng function
optional
- Result - same - Cand C++
6. Cr+ . - Programmer is required to include the fdec
- Like C but al SO al Ioms_referenc= t - Reference - regardless of form put the g sizes of all but the first subscript |in
paraneters, which provide the effi in the stack par anet er
pass-by-reference with in-node semy - This disallows witing flexible subpro
- Name - run-tine resident code segnments or - Solution: pass a pointer to the arrjay
7.Ada | subprograns eval uate the address off th sizes of the dinensions as other |par
- All three semantic nodes are avajla parameter; called for each referenge t the user nust include the storage ma
°M'I.“ cannot be referenced fornal; these arleudd | ed function, which is in terns of the s
in lift cannot be assigned - Very expensive, conpared to refegrel paraneters (See exanple, p. 351)
8. Java or val ue-resul t
- Like C++, except only references - Pascal
. Ada - Not a problem (declared size is parts pof
Type checki ng par anmeters - Sinple variables are passed by copy (val ug type)
- Structured types can be either by copy |or
- Now considered very inportant for reliabili - This can be a problem because - Ada
a) O aliases (reference allows alilasg - Constrained arrays - |ike Pascal
- FORTRAN 77 and original C. none val ue-result does not) - Unconstrained arrays - declared size s
- Pascal, Mdul a-2, FORTRAN 90, Java, and|Ad. b) Procedure termnation by error ¢an the object declaration (See book exanpl
it is always required j \ di fferent actual paranet eylu\ t \ j
<_ANSI C and C++: choice is nade by the/user - Programs with such eerooseaus
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- Pre-90 FORTRAN

- Formal paraneter declarations for arra

include passed paraneters

- e.g.
SUBPROGRAM SUB( MATRI X, ROWS, COLS, RESULT|
| NTEGER ROAS, COLS

REAL MATRI X (ROWS, COLS), RESULT

END

Desi gn Consi derations for
Par anet er Passi ng

1. Efficiency
2. One-way or two-way

- These two are in conflict with one anothe

Good programming => linited access to
vari abl es, which neans one-way wheney
possi bl e

Efficiency => pass by reference is fa
pass structures of significant size

- Al'so, functions should not allow reference
par amet er s
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Paraneters that are Subprogram
Narmes

I ssues:
1.Are paraneter types checked?

- Early Pascal and FORTRAN 77 do not

- Later versions of Pascal, Mdula-2,
FORTRAN 90 do

- Attes not al | ow subprogram par anet €|

- Cand C++ - pass pointers to functi
paraneters can be type checked

2. What is the correct referencing enviro
subprogram that was sent as a parang

- Possibilities:
a. It is that of the subprogram that
Shal 4 ow bi ndi ng

b. It is that of the subprogram that
Deep- bi ndi ng

c. It is that of the subprogram that

Ad hec bindi ng
\ (Has never been used)
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- For static-scoped | anguages,
nost nat ural

- For dynani c-scoped | anguages,
is nost natural

Exanpl e: subl
sub2

sub3
call sub4(sub2)

sub4(subx)
L call subx
call sub3

it is callehdh

\

What is the referencing environment of suj

~

deep bi ndi

shal | ow|

J
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Def: An overl oaded subprogriamone that has |thg
same nane as anot her subprogramin th
same referenci ng environnment

C++ and Ada have overl oaded subprograns
built-in, and users can wite their own over
subpr ogr ans

Generic Subprograns
A generi orpol ynor phi csubprogramis one that
takes parameters of different types on djff

activations

Over | oaded subprograns provadiehoc
pol ynor phi sm

A subprogramthat takes a generic parametier
is used in a type expression that descripes
type of the parameters of the subprogram pr
paranetric pol ynor phi sm

Exanpl es of parametric pol ynor phi sm

1. Ada
- Types, subscript ranges, constant val uel

can be geneAda subprograns and
packages e.g. - see next page
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generic
type ELEMENT is private;
type VECTOR is array (INTEGER range <>) of
ELEMENT;
procedure GENERI C_SORT(LIST: in out VECTOR);
procedure GENERI C_SORT(LIST: in out VECTOR)

is
TEMP ELEMENT;
begi n
for INDEX_1 in LIST' FIRST ..
I NDEX_1' PRED( LI ST’ LAST) | oop
for INDEX_2 in INDEX SUCC(INDEX 1) ..
LI ST' LAST | oop
if LIST(INDEX_1) > LIST(INDEX 2) then
TEMP := LIST (INDEX_1);
LIST(INDEX_1) := LIST(INDEX 2);
LI ST(I NDEX_2) := TEMP;

end if;
end loop; -- for INDEX 1 ..

end loop; -- for INDEX 2 ...
end GENERI C_SORT;

procedure | NTEGER SORT is new GENERI C_SORT(
ELEMENT => | NTEGER
VECTOR => | NT_ARRAY) ;

\ %
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- Adagenerics are used to provide the functi
of paraneters that are subprograns; gene|
is a subprogram

Exanpl e:

generic

with function FUN(X : FLOAT) return FLOAT,;
procedure | NTEGRATE(LOAERBD : in FLQAT;
UPPERBD : in FLQAT,

RESULT :
procedure | NTEGRATE(LOAERBD : in FLQAT;
UPPERBD : in FLQAT,
RESULT : out FLQOAT) is
FUNVAL : FLOAT,;
begi n

FUWAL := FUN(LOWERBD) ;

end;

I NTEGRATE_FUNL is new | NTEGRATE(FUN => FUNL);

2. C++
- Templated functions
-eg.

g
tenpl ate <class Type>

Type max(Type first, Type second) {
return first > second ? first : secon
}
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Another example:
tenpl ate <class Type>
void generic_sort(Type list[],
int top, bottom
Type tenp;
for (top = 0; top < len - 2;
for (bottom= top + 1; bot

list[botton] = tenp;

} //** end of generic_sort

Exanpl e use:
float flt_list[100];

\

C++ template functions are instantiated  implicitly
when the function is named in a call or when its
address is taken with the & operator

bot t om++)

if (list[top] > list[botton]) {
tenp = list [top];
list[top] = list[bottoni;

I11** end of for (bottom= ...

geﬁerlc_sorl(flt_l\st, 100); // Inplicit

~

int len) {

top++)
tom< len - 1;

1 |ns(ant|at|}
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Def: | ndependent conpi | atisnconpil ation of
some of the units of a program se
the rest of the program without
interface information

the units of a program separately
of the program using interface i
check the correctness of the intel
the two parts.

Language Exanples:

FORTRAN || to FORTRAN 77 - independent

Pascal - allows neither

Functi ons
Desi gn | ssues:

1. Are side effects allowed?

Def: Separate conpil atiiorconpil ati on of sq

FORTRAN 90, Ada Mvdul a-2, C++ - separat e

a. Two-way par aukt efeeg not al | o

Noridl.ocalref erence (all allow)
2. \Wat types of return values are [}
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Funct i ons(conti nued)

be returned

those that are visible but
subpr ogr am

\

Language Exanpl e¢for possible return types)
1. FORTRAN, Pascal, Mdula-2 - only sinple|
2. C- any type except functions and arfay
3Ada - any type (but subprograns are nof t

4. C++ and Java - like C, but also allow c|

Accessi ng Nonl ocal Envi ronnent s

Def: Thenonl ocal vari abl es of a subprogram pre

Def:d obal variabl ase those that may be vi si
in all of the subprograns of a priogr

~

not decl al

J
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Met hods: User - Def i ned Overl oaded Operators Corout i nes
1. FG?T%': m N to access Nearly all programing | anguagesoharkoaded A coroutines a subprogramthat has multiple
y way FORERA0S operators entries and controls themitself

nonlacahbl es

- Can be used to share data or share st Users can further overload operators in C++ a - Also called symetric control
2. Static scopingli scussed in Chapter 4 Ada (Not carried over into Java)
- P P! - Acoroutinecal | is namedesune

3. External decl arati ofis

E le (Ada) ( WECTCR TYPE h b - The first resume of a corsutonets begi nni
anpl e a) (assu - as been but subsequent calls enter at the point
- Subprograms are not nested defined to be an array typers@erhel enents): the last gxecul ed stat emenmricmnimep

- Qobate created by external declaratio - Typically, coroutbpeatedly resume each

(they are sinply defined outside fany] function "*"(A B : in VECTOR TYPE) S
‘ v v o v return | NTEGER is = other, possibly forever
) Aﬁgsf:r Ia1si ko)x either imlicit or explic Eﬁg’: n | NTEGER == - Coroutings ovi deguasi concur r ergxecut i on df
for INDEX in A range |oop programunits (the corputines
- Declarations (not definitions) give t SUM := SUM + A(INDEX) * B(INDEX): ) PN
( ) g M end | oop; - Their execution is interleaved, but not

external |y defined variables (and [say

defined el sewhere) Li'dufi'.. .SUM over | apped

4. External nodul esAdaand Modul a- 2
- Mre about these later (Chapter 10) Are user-defined overl oaded operators good |oi

{ Dynani ¢ Scope di scussed i n Chapt ery \ j \ j
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