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(Language Design : Semantics),,,



miamaiu1;i  ->

ma&d -> 0 1 2 3 4 i nY

&m4 ->Ro- STACK

Rl U

:

Code Memory hykes) Range of values

Binary integer I 2 41s to 2=-l

Long integer L 4 -2= to 2=-l

Real (float) E 4 75
+10 , six-digit precision
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code Memory aytes) Rangeof values

Double precision D 8 t1oy sixteen-digit pre-

real cision

AddreSS A 4 0 to 2=-l

Boolean (logical) B 1 true, false

Character (ASCII) C 1 128-character ASCII set

Packed decimal P l/2 byte per decimal digit, plus l/2

byte for sign, rounded to whole byte

Meaning
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Meaning

Meaning

ADD mn  long integers N LP&I$  fhmm%~iler  "operandl"  iizr

"operandz" t&.~&&  longword  address "operand2"

3

~~laJt?ht&6iu  ADD

D I V

MOV kw  londword mnlarriadu ++operand.l"  %I& ,i30iia+

"operand2"

CMP IJ.%IU~%TIU  longword  integers N ,a0<ai "operandi"  ?h~

La0iafj  "operandz" ~~M~WI%J~  STATUS  C~Wiil&dIb  ?

ia&
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Instruction SFATUSbyte  setting

ADD

SUE3

MUL

DIV

CVT

0 = no exceptional conditions

1 = overflow (out of range for the

given type)

2 = division by zero

3 = operand stored is not of the

correct type

cm

0 = operands equal

1 = operand1 < operand2

2 = operand.1 > operand2

3 = operand stored is not of the

correct type
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Instruction STATUS  byke  setting

PUSH

:

0 = no exceptional conditions

POP 1 = stack overflow.or  underflow (PUSH

GETNAIN or POP) or failure to complete

FREEMAIN GETMAIN or FREEMAIN

BOV

BE

BL

BG

BLE

BGE

BNE

Transfer on overflow, stack overflow,

GETMAIN or FREEMAIN error (STATUS  = 1)

Transfer on zero divide (mATUS  = 2)

Transfer on improper operand type (ZXATUS=3)

Transfer on equal or zero result (SI'ATUS=O)

Transfer on less (STATUS  = 1)

Transfer on greater (STATUS  = 2)

Transfer on less or equal (STATUS  = 0 or 1)

Transfer on greater or equal (STATUS  = 0 or 2)

Transfer on not equal (STATUS  = 1 or 2)
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Declaration Meaning

X D S E x tihAd7~lu2u~~J

A DS 5E A  tThttn-dii~u aaJhhuau3SJ  5  h

PI DC E3.14159 P I  thilf9J%l1IL%l%l  ?JFbLpiljiU  3.141fi9

M DS Cl0 M thA&E!kdTana7~ula  10 %I
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X = ~E~I~EIJ~~IIM~~J  X (the contents of location X)

8x  =  piisnabaa+i  ~;IWW%IEI  iium$s  x  (nl~iilPlu[ilLQ’d~l~~mUjD11)

(the contents of the address given by location X (indirect

addressing))

x t c  do X-c)  =  yhan&um$~  L~3unA  c  110;  alnhmi4  x  ds  c

\ ~~Jw~J&HN%~u~u~&I  (the contents of location

displaced c bytes from location X, where c

denotes an integer constant.)

X(R,) = .pdl0aah&1  6lu7d  3ln  X %m  apil  0~14  l‘&lma;  R i

Ci = 0, . . . . 15) &~a. nl~~l~M~LB0~a~~~8~44~~  (the con-

tents of location displaced from X by the contents of

register R*) (i = 0, . . . . 151;  that is indexed addres-

sing)

'string' = any literal character string

#n = any literal integer value n

IGhl5%ml~  t.ik%&~n-L~~~n  (no input-output provisions) Tall
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Machine

type Pascal

I-integer integer

L-long integer -

E-real real

D - l&g  real -

FORTRAN

INTEGERS2

INTEGER

REAL

DOUBLE

PRECISION

COBOL PL/l

COMP FIXED BIN(15)

COW-1  FIXED BIN(31)

COMP-2  FLOAT DEC(6)

- FLOAT DEC(16)
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Pascal

reference

Boolean

array of

Char

-

Corresponding type in . . .

-

LOGICAL -

CBARAm PIG x

- axw-3

PL/l

iDDR  or POINI'ER

BIT(l)

FIXED DEC
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(i) taG.mmiaut&  %.3trii?m  Rai1IU1a~J~WIIilJ~au~~~~~~rnidrj  Gadittm

(Obtain an amount of storage which satisfies the variable’s

declared maximum length or initial value.)

(ii) n”?nu&iu7n  %?&iattlj?‘&  (Initialize the value of that variable)

i&&J  f%iJJnlW PL/l

DCL S CHAR(25)  VAR INIT  (‘HELLO’);

01 taxi &7%fdtma&%  nid7snief~  gnl%m tactivated)  7+&t&J  a”lJiklJ~

iaqn n-x~inw (execute)

ClEl’HAIN  #27,  S ; obtain 27 bytes for S

MOVI x5,  6s ; initialize the length of S
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Move ‘HELLO’, @KS+2 ; initialize value of S

GiJf&  n7%t~~~~u~aE1L~Uii131~73~  h&l  s wi&
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(coercion)

~&tiflkl  Vl%L%lF131lJl1lJ %J  dll%~htt?h~u  ( T h a t  i s , "coercion" is the

proper conversion of a data value of a particular type to an "equiva-

lent" data value of another type, in order to satisfy the semantic

constraints of the machine instruction set or the global context where

that original value occurs.) .1u678~n’lmusli7ildGutu  7hhwi14~ 0a4nl6Gilr

i 1 illA .wGii;n;l:

Coercion cause

of B to reel B is integer and the value of ZW is real

of B+Z*C to real BtZW is integer and A is real
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3.3 nl5.‘jbl~77mimt&l  (Storage Allocation)

ni7GGs.s  mixIt&  &w%ktoailGiu a~t&m  ttaz71m17ImJ  dau+TlJThSau

uinnjl  dmii~iJd7  tscalar value) TslElt~Wlatk1t&h4  ru  LXV6bL~UJlM (at run
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i

A [31  ’

B [l.  31 C[l, 3, 21

;Ll 3 - l
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integer

(C=Z)

2 3

594 5,4,2

0..4, 1..5,1..4,

0..3  1..2

)

address of 11 In t

1st element type c n kI . . . kn . . .

U1 U n

1Il5 -

5
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0 1)

address of stringt57 7 2 5 4 - -

B(O,Ol 4 3

1 1 1

address of real 4 3 5 4 2 - - -

cc1,1,11 5 4 2

90 CT 314



t ? t 1‘ 1‘
addr(ACll)tO  t2 t4 t6 t8

BCO, 01 BCO, 11 BCO, 21 BCO, 31 BCl,Ol . . . BC4,31

I t T ? t t

addr(BCO.Ol)tO  t'i' t14 t21 t28 t133
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LBCO,O3 BC1,07 BCZ,Ol BC3,03 BC4,Ol . . . BC4,31

addr(BC0,01)+0  t-7 t14 t-21 t28 t133

unu&iau  t 7% ttuuuna

1 CCl,l,ll  1 CC1,1,21  1 'X1,2,11  1 . . . 1 CC5,4,21

addr cc1,1,11+0 t 4 t8 tl56

addr(aij) = e (a,, ,?)  t c[(i-l,)k, t Li-1,)l

a&x(a iJk) = addr  (Q, , ,? ,;  tc~~~i-l~~k~t~~-l~~~k~t~k-1~~l
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(a,,  12  ,..  J = addr  Cal,  f2 ..,  I )

tccc... ccil-ll)k2t(i2-lz)k3t...t(in-ln))l

addr(AC41)  = addr(AC11,  t 2(4-l) = addr(AC17)  t 6

addr(BC4,Zl)  = addr(BCO,Olt7C(4-0)4+(2-0,l  = addr(BCO,Ol)  t 126

addr(CC2,1,11)  = addr(cc1,1,11)+4c((2-1~4+(1-1~~2+(1-1~1

= addr(CCl,l,ll)  t 32

values to the dope vector)

(2)  nl5k~a%&x?J~&  k+hcl~anail~~a0~ (allocation of storage for the

array itself)

(3)  +huacunlsttn&  w~s~imssd~  h%duiT?n0mma~l~~ ~Zkhw1adn0o~~ar~~

&KY%  (calculation of a displacement, or index value, for an array

element when given a set of subscripts.)
a

~I~~IGYI  kunau3  ni4~o~lltnanJni4~7a~~~~~~~i~l~~~~l~  h& mad

~l.?anflum%u  (Optionally, a fourth provision is advised; generation of

a run-time check for subscripts out of range.)
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GETMAIN #40,BDOPE ; obtain a block of storage

MOV ti7,dBDOPE t 8 ; length of an entry tc)

MOV #Z,@BDOPE  t 12 ; no of dimensions (n)

MOV #5,@JBDOPE t 16 ; no of rows (kI)

MOV #4,@BDOPE  t 20 ; no of columns (k,)

MOV #O,IBDOPE  t 24 ; lower bound (lx)

MOV #4,@BDOPE  t 28 ; upper bound (ul)

MOV #O,@BDopE  t 32 ; lower hound (1,)

MOV #S,@BDol?E t 36 ; upper bound (up)

MOV BBDOPE t 16, Rl

MOV (BBDOPE  t 20, Rl

MOV @B,BDoPE  t 8, Rl

; +n~auu-n  (kl)  a& WSDOPEt16Y

; &uaud"aJf? (kz)  a$i @BDoPEtZO

: w-nuwiaaaahki cc)  a$

; @BDOPEt8

GETMAIN  RI, B ; addr(BCO,Ol)  ---> B

9 4

MOV I, Rl

CT314



SUB @BMIpE  t 24, Rl

MUL BBDOPE  t 20, Rl

MOVI J, RZ

SUB @BDOPE  t 32, R2

ADD Rl, RZ

MUL @BlWPE  t 8, R2

ADD @BDOPE,  R2

; I-l1

; ~1-1~) % k2

; J-l,

; (1-11) * ke t (J-12)

; c * C(I-ll) * kz t(J-lz)l

; c * [(I-11) * kz t(J-lz)l

; t addr(BCO,Ol)

CMP

BL

cm

BG

CMP

BL

cm

BG

1,BBDOPE t 2 4

ERROR ;1<1 1

I,@BBDOPE t 2 8

ERROR ;1>u 1

J,@BDOPE t 3 2

ERRQR ;J<lz

J,@BDOPE t 3 6

ERROR ;J>uz
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addr(aiJ)  = ad&- (a,,$ t c * (kz * i t j) - c * (kZ *11 t l=)
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2 SS# PIG '9(9)  '

2 GROSS  FIXED DEC(7,2),

2 ADDRESS,

3sTREm CHAR(17),

3 CITY CHAR(lZ),

3 STATE CHAR(G),

3 ZIP PIG '99999';

ZIPZIP

add.r(PERSON)+O +15 t25 t34 t40 +57 t69 t75
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type flight = record

air1 ine : string CSI;

ninnber : integer:

price : real

end;

VZS F: flight;

airline
/9z(zw  lNmber

price

a&k(F)+0 ts t10 t12
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name fptx

v

Q

-m!; /auRLBs/zooo~

,_-  ---

t 1000

P -o---  / YOIJw  / 0 /

t 1200

I

head --->

BROWN

9

9

CM

YOUNG

t 1500
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MOV P, @Qtl7 ; Q?. fptr := P

nl~il'itnu~~~t~M~arr  il%w"t'iwwaEiJ~

new(P);

P := nil
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or pattern of machine instructions corresponding to each of these con-
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cont.rol Structure Template

if m then B cow jXJ  , true

BNJZ $LOOOl

El

J6LOOOl

if 33
cl

then  s1q COMP
else

is21

;

$
$LOOOl  s

$LOOOZ

PiI* true

$LOOOl

$LOOOZ

for i:= q to q MOV erTJ i

do s
n

$LooOl  CMp i,
El

Bo $LOOOZ

El
ADD #l,  i

B $LOOO1

$LOOOZ
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Control Structure Template

while @ do m SLOOOl  COMP  JTJ,  true

BNE SLOOO2

El
B $L0003

$LOOOZ

case i of CMP i,vl

VI:  Is1(: BNE SLOOOZ

vz:  q ; lsll
: B sLoooll+l

vn:  /g tL0002  CMP i, vr

end BNE SLOOO3

B fLOOOn+I

SLOOO~ CMP i, vn

BNE SLOOOn+I

.Is”1
$Looo"+l

W.JlFJn'J compiler generated symbols &~&~mrrufl  (branch points) ih%Jili%
4
EM h template &A template ix+? %rw;tauiiu macros aaJniwuai3tdxd
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(when a procedure is invoked, a link back to the point of in-

vocation, or "return point", must 3>e establishd. This corresponds to

the "return address" in machine language parlance. In addition, a l l

local variables declared within the procedure, if they are dynamic,

must be allocated memory space and initialized as appropriate.)
Y
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record can be defined as follows:)

local variables

saved registers

Ro . . . R15

return address
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Program P;

var i, j : integer;

procedure 9;

var j, k : integer;

procedure R;

var i, k : integer;

begin

writelnc'enter  & exit R')

end:

begin

writelnc'enter  Q');

R;

writelnc'exit  Q')

end;

procedure S;

var i, j : integer;

begin

writelnc'enter  S');

Q;

writelnc'exits')

end;
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8

I)

1 0

begin

writeln('enter  P');

S:

writelnc'exit  P')

end.

Address Activated OutPut Run-time stack actions

8 P enter P PUSH locals(i,  j)

9 s C:ALL  S (push lo)

save registers from P

5 enter S PlJSIl locals~ i, .i)

6 Q 0U.L Q (push 7)

save resisters  from S

R

enter Q

enter &

exit R

PIEH  locals(j,  k)

CALL R (push  4)

save registers from Q

WSH localsCi,  k)

FOP locals(i,  k)

restore registers for Q
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Address Activated OutPut Run-time stack actions

4 Q RJ.iTmN

7 S

exit  Q

exit, S

POP localscj,  k)

restore registers for S

RFIURN

POP locals(i,  .j)

1 0 P

exit. P

restore registers for P

RETURN

POP localsci,  51
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R's activation

record

Q's activation

record

S's activation

record

locals i, k

registers from Q

return address(4)

locals 3, k

registers from  S

return xidress(7)

lc!cals  i, .j

registers from P

return address ( 10  1

locals i, j



. Thqnw~513ama~  i&ilw"iiu  Tda%lsla4 Ga &%A  (Input parameters supply

values to the procedure or function)

. Lhyn435G~ma4  3mam.dhhn  Td5IbRa;  ws"il  ~Jf%IA  (Output parameters

deliver results from the procedure or function.) nlldalA?I@  ga0aJ

~~i;i?'u %W?I2hLaJ  hJnuln0aJ  Lh$nw151~Lwa%h~~u  (distinguished out-

put parameter)
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procedure SigmaCvalue  A : array; value n : integer;

var Sum : real);

VFU i : integer;

begin

sum := 0;

for i := 1 to n do

sum := Sum t ACi7

end;
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I

end;

CT 314

Sum:=SumtA
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i----<-> i

--g- n----
-

Bsum - - - - < -> firm-  _ _ _-

begin

sum := 0;

for i := 1 to n do

Sum := Sum t BCil

end
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begin

sum := 0;

for i := 1 to n do

Sm := Sm t RCilikCCil

end

CT 314 1 1 7



nl~‘71n”~iislcraaoJbsl~~a~  uaaui5iihma~

(Implementation of Procedures and parameters)

procedure factorialcn  : integer; var f : integer);

var i : integer;

begin

f := 1;

for i := 2 to n do

f := f*i

end:
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factorial(5,  Fivefactf

addr(Fivefact)

Fivefact  fhWn%F~'&  fll4h9%&%1~  B(Rlt4) cd%~n+o;l  &w%4h%a5&  facto-

rial 3~1hGis~

I D S  L . ; I is an long integer value (4 bytes)

FACT  PUSHALL  RO, R15 ; save registers from invocation

PUSH I ; local variable

PUSH B (R1+4) ; addr  of var parameter f

PUSH 6343  Rl ; copy of parameter value n

; New all references to parameter n below are given by STACK, all

; references to parameter f are given by @ (STACK-4),  and all re-

; ferences to i by STACK-8

MOV #l,  @(STACK-4) ; f := 1

MOV #2,  STACK-8 ; 1:=  1
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SLOOOl  CMP STACK-e,  STACK

B G  SLOOO2

MOV @(STACK-41,  R2

MUL  R2, STACK-8

MOV R2, @(STACK-4)

MOV STACK-R, R3

ADD #l,  R3

MOV R3, STACK-8

B SLOOOl

;if i>n

; then exit the loop

; f := f*i

; i := i t 1
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TEMP DS L ; temporary value of n-l

TEMPADDR DS A ; address of TEW

FACT PUSHALL  Rl,  R15 ; save all but RO

PUSH @@Rl ; value of parameter n

MOV #l,  RO ; assume result = 1 (n <= 1)

CMF'STACK,  #l

BLE %OOOl

MOV STACK, R2 ; n > 1, prepare for call

SUB #l,  R2 ; compute n-l

MOV R2,  TEMP

CT314 121



JbLOOOl

MOV WEMP,  TEMPADDR

MOV BlXMPhDR,  Rl ; argument linkage

CALLFACT

MUL STACK, Ro ; n * factorid(n-11

POP ; return sequence

POPALL  Rl, R15

R.EmJRN
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1 .

2.

3.

4.

5.

6.
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