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PP5 and TAC 
● Go a l: Ge n e r a te  TAC IR for  De ca f p r ogr a m s . 

We  p r ovid e  a  code  g e n e r a t o r  to  p r odu ce  M IPS  a s se m b ly. ● 

● You  ca n  ru n  you r  p rog r a m s  u s ing  spim, t h e  MIPS  s im u la t or. 
● You  m u s t  a ls o  ta ke  ca r e  of s om e  low -leve l d e ta ils : 

● As s ign  a ll p a r a m e t e r s , loc a l var iab le s , a n d  t e m p or a r ies  p os ition s  
in  a  s t a ck  fr a m e . 
As s ign  a ll g lob a l var iab le s  p os it ion s  in  t h e  g lob a l m e m ory 
s e g m e n t . 
As s ign  a ll fie lds  in  a  c las s  a n  offs e t  fr om  t h e  b a s e  of t h e  ob je c t .  

● 

● 

An Impor ta n t  De ta il 

●  W h en  g e n e r a t ing  IR a t  t h is  level, you  do  
n o t  n e e d  to  w or r y a b o u t o p timizing  it . 
It 's  okay  to  g e n e ra te  IR th a t  h a s  lots  of 
u n n e ce s sa r y a s s ignm e n t s , r e d u n d a n t  
com p u ta t ions , e t c . 

●  

●  
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Th r e e -Add r e s s  Co d e  

●  Or  “TAC” 
Th e  IR th a t  you  will b e  u s ing  fo r  t h e  fina l  
p ro g ra m m ing  p roje c t . 
H igh-leve l a s se m bly w h e r e  e a c h  
o p e r a t ion  h a s  a t  m ost  t h r e e  op e ra n d s . 
Use s  e xplicit  ru n time  s t a ck fo r  fu n c t ion  
calls . 
Use s  vt ab le s  fo r  dynam ic disp a t ch.  

●  

●  

●  

●  

S a m p l e  TAC Code  

int r2 = x2 + y2; r2 = x2 + y2; 

int 
int 

x; 
y; 

int x2 = x * x; 

int y2 = y * y; 
x2 = x * x; 
y2 = y * y; 
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S a m p l e  TAC Code  

int a; 
int b; 
int c; 
int d; 
	  

b = _t1 + _t2; a = b + c + d; 
b = a * a + b * b; 

_t0 = b + c; 
a = _t0 + d; 
_t1 = a * a; 
_t2 = b * b; 

S a m p l e  TAC Code  

int a; 
int b; 
	  
a = 5 + 2 * b; a = _t0 + _t1; 

T AC  a llows  f o r  
inst r uc t io ns   wit h  t wo  

o p e r an d s .  

_t0 = 5; 
_t1 = 2 * b; 
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Sim p l e  TAC Ins tr u c tions  
● Vari a b le  a s s i g n m e n t  a llow s  a s s ign m e n ts  of th e  

for m  
● var = constant; 

var1  = var2; 

●  var1  = 

= 

= 

= 

● 

var2 op var3; 

●  var1 constant op var2; 

● var1 var2 op constant; 

●  var constant1  op constant2; 

● Pe r m i t ted  op e r a to r s  a r e  +, -, *, /, %. 
● H ow  w ould  you  c o m p ile  y = -x; ? 

y = 0 – x;  y = -1 * x; 

One  M or e  w ith  bools  

int x; 
int y; 
bool b1; 
bool b2; 
bool b3; 
	  
b1 = x + x < y 
b2 = x + x == y 
b3 = x + x > y 

_t0 = x + x; 
_t1 = y; 
b1 = _t0 < _t1; 

_t2 = x + x; 
_t3 = y; 
b2 = _t2 == _t3; 

_t4 = x + x; 
_t5 = y; 
b3 = _t5 < _t4; 
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TAC w ith  bools  

●  Boolean  va r iable s  a r e  r e p re se n te d  a s  
in te g e r s  t h a t  h a ve  ze r o o r  n o n ze ro 
va lue s . 
In  a d d ition  to  t h e  a r ith m e t ic  op e ra tor, 
TAC su p p o rt s  <, ==, ||, a n d  &&. 

●  

●  H ow  m igh t  you  com pile  b = (x 
; 
y;  

b = _t0 || _t1; 

<= y) ? 
_t0 = x < 

y 
_t1 = x == 

C o n tr ol F low  S ta tem e n t s  

z = x; 
else 

z = y; 

z = z * z; 

_t0 = x < y; 

Goto 
_L0: 

_L1; 

z = y; 
_L1: 

z = z * z; 

int x; 
int y; 
int z; 
	  
if (x < 

y) IfZ _t0 Goto _L0; 
z = x; 
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La bels  

●  TAC allow s  fo r  n a m e d  la b e ls  ind ica t ing 
p a r t icu la r  poin t s  in  t h e  code  t h a t  ca n  b e  
jum p e d  to. 
Th e r e  a r e  tw o con t r ol flow  inst r u c t ion s : ●  

●  Goto label; 

IfZ value Goto label; ●  

●  N o te  th a t  IfZ is  alw ays  p a ir e d  w ith  Goto. 

C o n tr ol F low  S ta tem e n t s  

int x; 
int y; 
	  
while (x < y)

 { x = 
x * 2; 

} 
	  
y = x; 

_L0: 
_t0 = x < y; 
IfZ _t0 Goto 
x = x * 2; 

_L1; 

Goto 
_L1: 

_L0; 

y = x; 
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A Comple t e  D ec a f P r og r a m  

void main() { 

while (m2 > 5)
 

{ m2 
} 

= m2 – x; 

} 

main: 
BeginFunc 24; 

m2 = _t0 + _t1; 
_L0: 

_t2 
IfZ 
m2 

= 5 < m2; 
_t2 Goto _L1; 
= m2 – x; 

Goto _L0; 
_L1: 

EndFunc; 

int x, y; 
int m2 = x * x + y * y; _t0 = x * x; 

_t1 = y * y; 

Com pilin g  F unc t ions  

●  De c af fu n c t ions  cons ist  of fo u r piece s : 
●  A la b e l id e n t ifyin g  th e  s ta r t  of t h e  fun c tion . 

– (W h y?) 
●  A BeginFunc N; in s tru c tion  r e se r vin g  N  

b y te s  of sp a c e  for  loca ls  a n d  t e m p or a r ie s.  
Th e  b od y of t h e  fun c tion . 
An  EndFunc; in s t r u c tion  m a rkin g  t h e  e n d  of 
t h e  fu n c t ion . 

●  

●  

– Wh e n  r e a c h e d , c le a n s  u p  s t a c k fram e  a n d  
r e tu r n s . 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
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Temporaries 
Param M 
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Param 1 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

Storage for 
Locals and 

Temporaries 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

S t a c k 
fr am e  for  
fu n c t ion  

g(a , …, m ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

Storage for 
Locals and 

Temporaries 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
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Storage for 
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A Logica l Deca f S ta ck F r a m e  
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

Com pilin g  F u n c t ion  C alls 

void SimpleFn(int z) { 
int x, y; 
x = x * y * z; 

} 
	  
void main() 

{ SimpleFunction(137
); 

} 

_SimpleFn: 
BeginFunc 16; 

y; 
* z; 

_t0 = x * 
_t1 = _t0 
x = _t1; 
EndFunc; 
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Com pilin g  F u n c t ion  C alls 

void SimpleFn(int z) { 
int x, y; 
x = x * y * z; 

} 
	  
void main() 

{ SimpleFunction(137
); 

} 

_SimpleFn: 
BeginFunc 16; 

y; 
* z; 

_t0 = x * 
_t1 = _t0 
x = _t1; 
EndFunc; 

	  
main: 

BeginFunc 4; 
_t0 = 137; 
PushParam _t0; 
LCall _SimpleFn; 
PopParams 4; 
EndFunc; 

S ta ck  M a n a gem e n t in  TAC 
●  Th e  BeginFunc N; in s tr u c tion  on ly n e e d s  t o  

r e se r ve r oom  for  loca l va r ia bles  a n d  
t e m p or a r ies . 
Th e  EndFunc; ins t r u c tion  r e claim s  t h e  r oom  ●  

a lloca t e d  with  BeginFunc N; 
●  A s in g le  p a ra m e te r  is  p u sh e d  on to th e  s t ack  b y 

t h e  ca lle r  u s ing  th e  PushParam var ins t r u c t ion . 
●  S p a ce  for  p a r am e te r s  is  r e cla im ed  by th e  cal ler  

us in g  th e  PopParams N; ins t r u c t ion . 
● N is  m e a su r e d  in  b y te s , n o t n u m b e r  of a r g u m e n ts . 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

PushParam var; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

PushParam 
PushParam 

var; 
var; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

PushParam 
PushParam 
PushParam 

var; 
var; 
var; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 
	  

PushParam var; 
PushParam var; 
PushParam var; 
BeginFunc N; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

Storage for 
Locals and 

Temporaries 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

S t a c k 
fr am e  for  
fu n c t ion  

g(a , …, m ) 

PushParam var; 
PushParam var; 
PushParam var; 
BeginFunc N; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

Storage for 
Locals and 

Temporaries 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

Storage for 
Locals and 

Temporaries 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

EndFunc; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

Storage for 
Locals and 

Temporaries 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 

A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 
	  
	  

PopParams N; 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 
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A Logica l Deca f S ta ck F r a m e  

S ta c k 
fr am e  for  
fu n c t ion  
f(a , …, n ) 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

S to ra g e  Alloca t ion 

●  As  d e sc r ib e d  so  fa r, TAC doe s  n ot  sp e c ify 
w h e r e  va r ia b le s  a n d  te m por a r ie s  a r e  
s to r e d . 
For  th e  fin a l p ro g ram m in g  p roje c t ,  you  
w ill n e e d  to  te ll t h e  code  g e n e r a t o r  w h e r e  
e a c h  va r ia b le  s h ou ld  b e  sto re d.  
This  n orm a lly w ou ld  b e  h a n d le d  d u r in g  
code  g e n e r a t ion , b u t  Jus t  For  F u n  w e  
t h ou g h t  you  s h ou ld  h ave  som e  e xp e rie n c e  
h a n d lin g  th is . ☺ 

●  

●  
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Th e  F r a m e Point e r  

Pa r a m  1  
S tor a g e  for  

Param N 
Param N – 1 

... 

Locals and 
Temporaries 

Th e  F r a m e Point e r  

Pa r a m  1  
S tor a g e  for  

Param N 
Param N – 1 

... 

Locals and 
Temporaries 

Frame 
Pointer 
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Th e  F r a m e Point e r  

Pa r a m  1  
S tor a g e  for  

Frame 
Pointer 

Param N 
Param N – 1 

... 

Locals and 
Temporaries 

Param M 
… 

Param 1 

Th e  F r a m e Point e r  

Pa r a m  1  
S tor a g e  for  

Frame 
Pointer 

Param N 
Param N – 1 

... 

Locals and 
Temporaries 

Param M 
… 

Param 1 

Storage for 
Locals and 

Temporaries 
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Th e  F r a m e Point e r  

Pa r a m  1  
S tor a g e  for  

Frame 
Pointer 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 

Locals and 
Temporaries 

Th e  F r a m e Point e r  

Frame 
Pointer 

Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 
Param M 

… 
Param 1 
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Th e  F r a m e Point e r  
Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

Frame 
Pointer 

Th e  F r a m e Point e r  
Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

Frame 
Pointer 
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Logica l vs P hys ica l S t a ck  F r a m e s  
Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

Logica l vs P hys ica l S t a ck  F r a m e s  
Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

Param N 
Param N – 1 

... 
Param 1 
fp of caller 
Storage for 
Locals and 

Temporaries 
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Logica l vs P hys ica l S t a ck  F r a m e s  
Param N 
Param N – 1 

... 
Param 1 

Storage for 
Locals and 

Temporaries 

Param N 
Param N – 1 

... 
Param 1 
fp of caller 
Storage for 
Locals and 

Temporaries 

Frame 
Pointer 

(M o s tly) Physic a l S t a ck  F r a m e s  
Param N 

... 
Param 1 
fp of caller 
Storage for 
Locals and 

Temporaries 

Frame 
Pointer 
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(M o s tly) Physic a l S t a ck  F r a m e s  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
Storage for 
Locals and 

Temporaries 
Param N 

... 
Param 1 

(M o s tly) Physic a l S t a ck  F r a m e s  

Frame 
Pointer 

Param N 
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Param 1 
fp of caller 
Storage for 
Locals and 

Temporaries 
Param N 
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Param 1 
fp of caller 
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(M o s tly) Physic a l S t a ck  F r a m e s  

Frame 
Pointer 

Param N 
... 
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fp of caller 
Storage for 
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fp of caller 
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(M o s tly) Physic a l S t a ck  F r a m e s  

Frame 
Pointer 
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(M o s tly) Physic a l S t a ck  F r a m e s  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
Storage for 
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Param N 
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Param 1 

(M o s tly) Physic a l S t a ck  F r a m e s  
Param N 

... 
Param 1 
fp of caller 
Storage for 
Locals and 

Temporaries 

Frame 
Pointer 
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Th e  S to re d  Re tu r n  Addre s s  
● In te r n a lly, t h e  p roc e s so r  h a s  a  sp e cia l r e g is t e r  

c a lle d  t h e  p ro g ram  c o u n t e r  (PC) th a t  s to r e s  t h e  
a d d re s s  of t h e  n e xt  in s t r u c tion  t o  e xe cu te . 

Wh e n e ve r  a  fun c tion  r e tu r n s , it  n e e d s  t o  r e s to r e  
t h e  PC so t h a t  t h e  c a llin g  func t ion  r e sum e s  
e xe c u tion  w h er e  it  le ft off. 
Th e  a d d r e s s  of w he r e  t o  r e t u r n  is  s t o re d  in  M IP S  
in  a  sp e cia l r e g is te r  c a lle d  ra (“ re t u rn  a d d re s s .”) 

To a llow  M IPS  fu n c tion s  t o  c a ll on e  a n o th e r, e a c h  
func t ion  n e e d s  t o  s t o re  t h e  p re vio u s  va lu e  of ra 
som e w he r e . 

● 

● 

● 

P hys ica l S t a ck  F r a m es  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
ra of caller 
Locals and 

Temporaries 
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P hys ica l S t a ck  F r a m es  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
ra of caller 
Locals and 

Temporaries 
Param N 

... 
Param 1 

P hys ica l S t a ck  F r a m es  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
ra of caller 
Locals and 

Temporaries 
Param N 
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Param 1 
fp of caller 
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P hys ica l S t a ck  F r a m es  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
ra of caller 
Locals and 

Temporaries 
Param N 

... 
Param 1 
fp of caller 
ra of caller 

P hys ica l S t a ck  F r a m es  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
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Locals and 

Temporaries 
Param N 
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P hys ica l S t a ck  F r a m es  

Frame 
Pointer 

Param N 
... 

Param 1 
fp of caller 
ra of caller 
Locals and 

Temporaries 
Param N 

... 
Param 1 
fp of caller 
ra of caller 
Locals and 

Temporaries 

So  Wh a t? 
●  In  you r  cod e  g e n e r a tor, you  m u s t  a s s ig n  e a c h  

loca l v a ria b le , p a ram e te r, a n d  t e m p or a ry  
varia b le  it s  ow n  loc a tion . 
Th e se  loc a tion s  occu r  in  a  p a r t icu la r  s tack  ●  

fr am e  a n d  a re  ca lle d  fp -re la t ive . 
Pa r a m  N  

... 

Pa r a m  1  

Loc a l 0  

fp of caller 

ra of caller 

fp  

●  Pa r a m e te r s  b e g in  a t  a d d r e ss  
fp + 4 a n d  g r ow  u p w ar d . 

●  Locals  a n d  t e m p or a r ies  b e g in 
a t  a d d r e s s  fp – 8 a n d  g r ow  
d ow n w a rd  

... 

Loc a l M  

fp  +  4 N  

. . .  

fp  +  4  

fp  +  0  

fp  - 4  

fp  - 8  

. . .  

fp  - 4  - 4 M  
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F r om  You r  Pe r sp e c tive 

Location* location = 
new Location(fpRelative, +4, locName); 

F r om  You r  Pe r sp e c tive 

Location* location = 
new Location(fpRelative, +4, locName); 
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F r om  You r  Pe r sp e c tive 

Location* location = 
new Location(fpRelative, +4, locName); 

Wha t  
t his  

va r iab le  d o e s  
r e f e r  t o ?  

An d  One  M or e  Th in g ... 

int globalVariable; 

int main() { 
globalVariable = 137; 

} 
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An d  One  M or e  Th in g ... 

int globalVariable; 

int main() { 
globalVariable = 137; 

} 

An d  One  M or e  Th in g ... 

int globalVariable; 

int main() { 
globalVariable = 137; 

} 

Wher e  is  t his 
s t o r e d ?  
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Th e  Glo b a l Poin t e r  

●  M IPS  also h a s  a  r e g is t e r  called  th e  
g lo b a l p o in te r (g p ) t h a t  po in t s  t o  
globa lly a cce ss ible  s tor a g e . 
M em o ry poin te d  a t  by t h e  g lobal p oin te r  
is  t r e a te d  a s  a n  a r ray  of va lu e s  th a t  
g row s  u pw a r d.  
You  m u s t  choose  a n  offse t  in to t his  a r r ay  

●  

●  

fo r  e a c h  g lobal var iab le . g p  +  4 N  

. . .  

g p  +  4  

g p  +  0  

Global Variable N 

... 

Global Variable 1 

Global Variable 0 gp 

F r om  You r  Pe r sp e c tive 

Location* global = 
new Location(gpRelative, +8, locName); 
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F r om  You r  Pe r sp e c tive 

Location* global = 
new Location(gpRelative, +8, locName); 

Ge n era t in g  TAC 
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TAC Ge n e r a t ion 

●  At  t h is  s ta g e  in  com p ilat ion , w e  h a ve  
● a n  AST, 

a n n ota t e d  w ith  s cop e  in fo rm a tio n , 
a n d  a n n ota t e d  w ith  type  in fo rm a tio n . 

● 

● 

●  To  g e n e r a te  TAC fo r t he  p r ogr a m , w e  d o 
(ye t  a n o t h e r ) r e c u r sive  t r e e  t r a ve r s a l! 
● Ge n e r a te  TAC for  a n y su b e xpr e s s ion s  o r  

su b s ta t e m e n ts . 
Us in g  t h e  r e su lt , g e n e r a te  TAC for  t h e  ove r a ll 
e xpr e s s ion . 

● 

TAC Ge n e r a t ion  for  Exp r e s s ion s  

●  De fine  a  fun c tion  c g e n (e xp r ) t h a t  g e n e r a t e s  
TAC t h a t  com p u t e s  a n  e xp r e s s ion , s tor e s  it  in  a  
te m por a r y va r iable,  t h e n  h a n d s  b a ck t h e  n a m e  
of t h a t  t e m por a r y. 

De fine  c g e n  di re c tly  for  a tom ic exp r e s s ion s  
(con s ta n t s , this, iden t ifier s , e tc .). 

De fine  c g e n  r e cu rs ively  for  com pou n d  
e xp r e s s ion s  (binar y op e ra tor s , fu n c t ion  ca lls, 
e tc .) 

●  

●  
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c g e n  fo r  Ba sic  Exp r e s s ions  

c g e n (k ) =  {  // k  is  a  con s t a n t  
Choose  a  n ew  t em p o ra r y t  
Em it ( t  =  k  ); 
R etu rn  t  

}  
c g e n (id ) =  {  // id  is  a n  id e n t ifie r  

Choose  a  n ew  t em p o ra r y t  
Em it ( t  =  id  ) 
R etu rn  t  

}  

c g e n  fo r  Bina r y Op e ra to r s  

c g e n (e 1  +  e 2 ) =  {  
Choose  a  new  t e m p o r a ry  t  
Le t t 1   =  c g e n (e 1 ) 
Le t t 2   =  c g e n (e 2 ) 
Em it ( t  =  t 1   +  t 2  ) 
R etu rn  t  

}  
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An Exa m ple  
c g e n (5  +  x) =  {  

Ch oose  a  n e w  t em p ora ry  t  
Le t  t 1   =  c g e n (5 ) 
Le t  t 2   =  c g e n (x) 
Em it  (t  =  t 1   +  t 2 ) 
Re t u r n  t  

}  

An Exa m ple  
c g e n (5  +  x) =  {  

Ch oose  a  n e w  t em p ora ry  t  
Le t  t 1   =  {  

Ch oose  a  n e w  t em p ora ry  t  
Em it ( t  =  5  ) 
r e tu r n  t  

}  
Le t  t 2   =  {  

Ch oose  a  n e w  t em p ora ry  t  
Em it ( t  =  x ) 
r e tu r n  t  

}  
Em it  (t  =  t 1   +  t 2 ) 
Re t u r n  t  

}  

_t0 = 5 
_t1 = x 
_t2 = _t0 + _t1 
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c g e n  for S t a t e m en t s  

●  We  ca n  e xt e n d  th e  c g e n  fu n c t ion  to  
o p e r a t e  ove r  s t a te m e n ts  a s  w e ll. 
Un like  c g e n  for  e xp re s s ions, c g e n  fo r  
s t a te m e n ts  d o es  n o t r e tu rn  t h e  nam e  of a  
t e m p o ra r y h olding  a  va lu e .  

●  

●  (W h y?) 

c g e n  fo r  S imple  S t a t e m en t s  

c g e n (e x p r;) =  {  
c g e n (e xp r) 

}  
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c g e n  fo r  while loop s  

c g e n (while (e xpr) s tm t ) =  
{  Le t  Lb e fo r e  b e  a  n ew  
labe l. 
Le t  La f t e r b e  a  n ew  labe l. 
Em it ( Lb e fo r e:) 
Le t  t  =  c g e n (e xpr ) 
Em it ( IfZ t  Goto La ft e r ) 
c g e n (s tm t ) 
Em it ( Goto Lb e f o r e ) 
Em it ( La f t e r: ) 

}  


