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Chapter 9

Stack Programming
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U5 (Variable)

A+B

Address 0:

Address 1:

Address 2;

Address 3:

Address 4;

Address 5:

Address 6!

Address T:

Address 8;

Address 9:

Address 10;

Address 11:

Address 12:

Address 13:

LIT

11

LOAD

LIT

12

LOAD

ADD

LIT

13

STORE

HALT

// load (push) A

// load (push) B

S/ owrite C

// variable A =1
// varlable B = 2

// variable C (lHH@GENAY)



wada10u (Array)

o @' & e @ = T ar 1 o 1 (=1 a kY
wonaaunuwasasdulsnagionulumizsanud wu A[5] Wsunsumasnlszmalilula waza

1 -":-.1 w =1 ar
JIHAUAIN address 10 ﬁﬂ 14 tUuau



ASUENIOINEdaU L (Conditional Branch)
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TUsunsuwen (branch) LUuludmaan address 12 AlgURUUL

Address 0O: LIT
Address 1: 0
Address 2. IF

Address 3. 12



M C M) Assembly 294 Stack CPU

if (Condition is true) | Condition 01954 ds.push( 'ﬂ1°ﬁ13~lﬁl°ﬁ 07)
Code segment A 01130259 ds.push(0”)
} IF
Code segment B o
Code Segment A
Code Segment B
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it (Condition is true) |
Code segment A

I else |
Code segment B

|

Code segment €

A7 Assembly 20 Stack CPU

_ondition 01254 ds.push(0)
IPEEN d:e.[_ulr-'.ll(??'liﬁlﬂﬁl“fi 0)
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Code Seement B
LIT
0
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&

Code Sevment A

(Code Segment C




158919 TOS @13 uAIda IF

A& IF 92 taken Win Ll Buagnuefiaguudanad data stack o1 TOS (Wudd Ay 0 Haz taken Gauy

=l

NLNAMI A LUSUN5H taken MuEaulY BY A >= 0 15INABY push A 0 B9 data stack LUATEHN A >=

0 939 U8z push ailaiihiu o Tunsdidu (A < 0)

8B9AAIDENUTN D) A >= 0 239L% 1W TOS = 0 (taken) D113§9391% TOS != 0 (not taken) FFNINAB

85719 TOS 911a 8 o TRHAIYINAY A 0000000 %38 MSB 289 A @ua18 0 an 7 6 delusunsy

inlUil
LIT
A /7 Ay 2 complement AUIG 8 un
LIT
x80 1S159n x80 HSD 1000 0000 11 mask bits
AND

// NBYNAET IF #aUNA taken ) A >= 0
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wasudauludy A < 0 azarieiaalidmsuidauly A >= 0 30 not Lild dasadndefisidhm
(A XOR x80) AND x80
foiilandlu 0 1ie A < 0 uaziidguq #laiwhau o Wadeauly A < o Luifluada
LIT
A
LIT
x&80
XOR
LIT
x&80
AND

// NBYNAET IF 98U taken 01 A < 0
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onudauly A > 0 azghennninlauly A >= 0 waanmI3 1AW TOS U 0 lunsdin A > 0 (Ltialy

taken) 38uilAaaia TOs W MsB fieunu A, |(Ag|As|AL|As|A,|A1|A,) Tamaailiu o vue
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LIT OR OR OR OR OR OR

A LIT

DUP DUP ADD x80

DUP DUP ADD XOR

DUP DUP ADD OR

DUP DUP ADD LIT

DUP DUP ADD x80

DUP DUP ADD AND

DUP DUP ADD /7 8Eunends IF @auiiae taken 81 A > 0
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lﬂLﬁEI g START wWae END [’\Nulﬁ I LWﬂlﬁﬂ“ﬁl’Hﬁ]’lﬂﬂ’lﬁﬂ“ﬂﬂﬂmmﬂﬁwg) LU
IF

o 2 o -E:I
‘AAA /7 01 taken 2¢n52laa lUN CAAA

AAA
o are ar . < - LR - ) W @ o
Tumadguaaudanmu (compiler) azulaszavariilvitluaiezias msgulusunsuameduyansal
(U LIT, ADD, IF (3803135 LUSUAINAumMEILaadnuad (assembly language) aandamunuilaan

oS ar o < : _ = ' s
.ﬂ’]'l-_-l"lLLE‘IHL?J’ILI"LIHLﬂu‘aﬁﬁﬂﬂuﬁﬂﬂﬂ‘iﬂﬂTﬂ’llﬂ‘iﬂﬂ (machine language) L3UNNUDFLANLUDDI (assembler)



NN for-loop

= . v .. 1 as . U@ .
L‘ﬂﬂLLﬂ"ﬂ*ﬂQU tor Tﬁﬁ it—then Wa% conditional branch Nauy ﬂﬂiugﬂ’ﬁ 10.5 nUunAagulad if-then way
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unconditional branch IﬂLﬂHHWHQ?IEQHLLEIﬂ%ﬁQ

Qe C eI Assembly 2y Stack CPU
for (1 =105 1< 105 1++) | =0

Code Segment A if (1(i<10)) |
I A jump to Code Segment B
Code Segment B |

Code Segment A

1+ +

Jjump

Code Segment B




N3N while -loop

& o i ar o . .-:l
NMAAY ] NUMNTM for-loop ATUN 10.6

e C
while (1< 1LU) |

Code Segment A

}

Code Sezment B

M Assembly 284 Stack CPU

it (1(i< 10)) |

/,. jump to Code Segment B

Code Segment A
jump

Code Segment B




n538nWaIAgY (Function Call)

o

gaabnedwinafinfiazlddawdntias “caller” winadaadduiiduauEon di “callee” FaWarzud
gﬂﬁﬂﬂ Y WAAEU main (GeAWIATY printf WIAZY main A8 caller dIUWIATY printt AD callee N3
Ganlawanzy By v = f(a,b) Usznauae 3 drude
® Argument ﬁﬂ::ﬁd‘lﬁﬂﬂ A ﬂﬁﬁﬂﬂﬂ%ﬂ.u data stack f‘iﬂuﬁﬁlziﬁ"lﬁ'l E%:‘] CALL L2Y data stack = ey Ay D
(b Lt top of stack )
® Function WadA1N CALL ﬁ'ﬂ:iﬁhﬁ’]ﬂﬁﬁﬂ @ callee '-T.I::ELEN'T.':I“I argument aﬂ'l.u data stack LL&? LﬂEI
suUMsHNuEaIfany deuhed EXTT diaiduazdaanats arcument T data stack Halu
Tvivine (pop 'ﬁﬂﬂ) wazldnaaws [ Iun data stack
® Result Haavhids EXIT Tsunsanenduanyaud caller 07 caller 923518471 result aguu data
stack W7 data stack = ..., v (v = f(a,b) (u top of stack)

aax:l@ﬁ'qamﬂﬂmﬂm f(a,b) =a+b



aax:lﬁﬁ’qamﬂﬂmﬂm fla,b)=a+b

Address O LIT
Address 1: 1
Address 2: LIT
Address 3. 2
Address 4: CALL
Address o: T
Address 6: HALT
Address T ADD
Address &: EXIT

// the first argcument

// the second argument

// function starts here

/4 return from function

WalUsunsy HALT 1 data stack a=tv8azaaieadudedda 1 + 2 = 3



N33 8nNg (Recursive Call)

TuwWarguninmansadeaWersudulvinyoudale wu Wandy main GaawWanagu A uadwWanzu A

Ganaidy B (udu wiaazBanWantuldnd (recursive) Al aaagiiagalusunsy sum(n) = 1 + ..

+ 0, n = 0 @WauwuuEgn®azladt sum(n) = n + sum(n - 1), sum(0) = 0

AauBumsazBausiaion (pseudocode) 2aaWaray sum Tildnaudaii
sum(n) |
if (n==0)
return O

else

return n + sum(n — 1)
}
L= =q - s =d G e
LLajﬂﬂEIElﬁlﬂ“lﬂﬁLLﬂﬁNIﬂﬂjuﬁﬂﬂLﬂﬂuﬂqu



Address 0O
Address 1:
Address 2:
Address 3:
Address 4:
Address 5.
Address 6:
Address T:
Address B:
Address 9:

Address 10:
Address 11:
Address 12:
Address 13:
Address 14:
Address 15:

LIT
10
CALL

HALT
DUP
IF

15
DUP
LIT

SUB
CALL

ADD
EXIT

/4 argument = 10

// tunction starts here



ABNADNEIDENWINAD multiply WHUSWENEN (pseudocode) il

mul{m, n) |
if (n==0)

return O;

return m + mul{im, n - 1)



LIT

b /i m

LIT

3 /N

CALL

:MUL

HALT

DUP

:END

OVER

SWAP

LIT

SUB

CALL

:MUL

ADD

EXIT

:END

DROP

DROP

LIT

EXIT

Tsunsnilazlauaaws 5 x 3 = 15 (x0F)



aRNaUNANBLSA (factorial) 1UGIBENIGATNE
fac(n) |
it (n==0)
return 1
else

return mul(n, fac(n-1))



LIT

10

CALL

FAC

HALT

FAC

DUP

:END

DUP

LIT

SUB

CALL

‘FAC

CALL

MUL

EXIT

:END

DROP

LIT

EXIT
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e 0 e Uel @ e e Al
LIT 0 LD LIT 100 LIT 3 LIT 5 LIT 128
LIT 100 LIT 110 LIT 7 CALL CALL F
STORE CALL F CALL F 3 HALT
LOOF LIT 100 ALT HALT HALT F: DUFP
LOAD F OVER F DUP F DUP LIT 1
DUE OVER IF END IF END 3UE
LIT 10 SUB OVER DUP IF END:
SUB IF END SWAP POW LIT 1
IF END OVER LIT 1 SWAP SWAP
OVER SUB LIT 1 DIVZ
W & LOAD CALL F SUB CALL F
LIT 200 ADD CALL F: ADD
LIT 1 STORE EXIT ADD EXIT
ADD LOAD END DROP EXIT END: DROP
LIT 100 OVER DROP END: DROP LIT 0
STORE STORE LIT 0 LIT 0 EXIT
LIT 0 OVER EXIT EXIT
IF LOOP LIT 204
END DROP LORD
HALT SWAF
STORE
LIT 1
SUB
SWAP R g o
wondu F moa:ls ?
ADD
SWL
CALL F
EXIT
END DROP
DROP




. muls i agNMINEANNAN address 100

. umdeu A Houe 11 989 (UuduudEaue) Guaun address 100 wazauh address 110
[l o -I== [T =

WUAANMNAN address 200 |aty tmp

. Wanzdusuwnfiwasndluauuduuniy

]
F T

M1 POW a2 pop A luduanaaninanmaidad waz push nauznludn Wenzusuwniwas

o]

h.

o o =1 . s
MU UEN LAY

. @& DIV2 2 pop Mluduanaanmnvinsdad (Uatduia By 7 wis 2 whnu 3 uau) uaz

&l

i i 2 T e d [ = o =1 = 1 v as
push ﬂﬂUL?Jﬂ“IJﬂH waArusSuW A asnush U@ AN 0 iU



5. navay 9 Nlusunsuaaluiivhazls

f LIT 10 9 LIT 10
) CALL WHAT ) CALL WHAT
HALT HALT
WHAT DUP WHAT LIT OxFF
ADD 20K
DUP LIT 1
ADD ADD
EXIT EXIT
ey o ar ar a . )
6. duAnWandu SUM lvanysal SUM(n) = n + SUM(n - 1), SUM(0) = 0
LIT 10
CALL =M
HALT
=T1TM DUP
IF END
LIT 1
SUB

CALL SUM

END EXIT



7. Wandu WHAT azlsnuuoidrau (wmaiauisNeuan address 40)

LIT 410
CALL == WHAT
HALT

WHAT DUP
LOAD
IF END
DUP
LOAD
SWAP
LIT 1
ADD
CALL WHAT
ADD
EXIT

END DROP
LIT 0
EXIT



8. @aUdU ) NWINTU WHAT vhazls

—» WHAT

ONE

ZERO

END

LIT
CALL
HALT
DUP
IF
DUP
LIT
AND (&)
IF
LIT
SWAE
DUP
ADD (+)
CALL
ADD (+)
EXIT
LIT
SWAP
DUP
ADD (+)
CALL
ADD (+)
EXTIT

A
WHAT

END
280

ZERO

WHAT

WHAT

—» WHAT

LIT
LIT

CALL
HALT

DUP

LOAD (@)
>R

SWAP

DUP

LOAD (@)
>R

SWAP

=

SWAP
STORE (!)
=

SWAP
STORE (!)
EXIT

WHAT



—» WHAT

CONT

LIT
LIT
CALL
HALT
OVEER
OVEER
SUB(-)
LIT
AND (&)
IF
DROP
EXIT
SWAP
OVEER
SUB(-)
SWAP
CALL
EXTIT

WHAT

x80

CONT

WHAT

—Pr WHAT

NEXT

RET

LIT
LIT
CALL
HALT
OVER
OVER
SUB(—)
IF
SWAFP
OVER
SUB(-)
OVER
OVER
SUB (—)
LIT
AND (&)
IF
SWAP
CALL
EXIT
DROP
EXIT

WHAT

EET

280

NEXT

WHAT

(M > N

i&@ue )



9. WLANIUIUNH Fibonacci dalUillvianysal 1(0) = 0, (1) = 1, f(n) = f(n — 1) + f(n - 2)

LIT N
CALL F'IB
HALT

FIB DUFE
IF RET
LIT 1
SUB(—)
DUFE
LIT 1
SUB(—)

CALL F'IB

=
[
H
[~

CALL EFIB

EET EXIT
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