7. The Calculator
Chapter 10

e Calculator
* High-Level View
e Subroutine details
o Example code

e Stack arithmetic
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Calculator

« Commands
o X: Exit the simulation
o C: Clear (all values from the stack)
» D: Display the value at the top of the stack

Note: This is a stack-based calculator

o Operations
+: Replace top two elements on the stack with their sum
*: Replace top two elements on stack with their product
-: Negate the top element on the stack

Enter: Push value typed on keyboard onto top of the stack



Overview of Calculator

Initialize -
(i.e., clear stack) -|* 5 P R QJ

Prompt user
Get char

Lt

Clear stack
(see Figure 10.27)

OpAdd
(see Figure 10.10)

A

OpMult
(see Figure 10.14)

Y

OpNeg
(see Figure 10.15)

Y

Display
(see Figure 10.24)
(uses binary-to-ASCII conversion)

Y

Push value
(see Figure 10.23)
(uses ASCII-to-binary conversion)
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Prompt user
Get char -
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; The Calculator, Main Algorithm

LEA R6,StackBase ; Initialize the Stack.

ADD R6,R6,#1 ; R6 is stack pointer

LEA RO, PromptMsg

PUTS

GETC

ouT
; Check the command
fest LD R1,NegX ; Check for X

ADD R1,R1,R0

BRz Exit
' LD R1,NegC ; Check for C

ADD R1,R1,R0O

BRz OpClear ; See Figure 10.27
' LD R1,NegPlus . Check for +

ADD R1,R1,R0O

BRz OpAdd ; See Figure 10.10
' LD R1,NegMult . Check for *

ADD R1,R1,R0O

BRz OpMult ; See Figure 10.14
' LD R1,NegMinus ; Check for -

ADD R1,R1,R0O

BRz OpNeg ; See Figure 10.15
' LD R1,NegD . Check for D

ADD R1,R1,R0O

BRz OpDisplay See Figure 10.26

; Then we must be entering an integer
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NewCommand

Exit
PromptMsg

NegX
NegC
NegPlus
NegMinus
NegMult
NegD

BRnzp

LEA
PUTS
GETC
ouT
BRnzp
HALT
.FILL

. STRINGZ

.FILL
.FILL
« FILL
.FILL
.FILL
.FILL

"Enter
XFFA8

PushValue

RO, PromptMsg

Test
X000A

xFFBD
xXFFD5
xXFFD3
XFFD6
XFFBC

a command:

; See Figure 10.
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oP ST R2,Save2

ST R1,Savel
LD R1,BASE
ADD R1,R1,#-1
ADD R2,R6,R1
BRz fail_exit
LDR RO,R6,#0
ADD R6,R6,#1

~—————— ——BRpzp——success_exit

PUSH ST R2,Save2"
ST R1,Savel
LD R1,MAX
ADD R2,R6,R1
BRz fail_exit
ADD R6,R6,#-1
STR RO,R6,#0

success_exit LD R1,Savel
LD R2,Save2
AND R5,R5,#0
RET

fail_exit LD R1,Savel
LD R2,Save?2
AND R5,R5,#0
ADD R5,R5,#1
RET

BASE .FILL xC001

MAX FILL xCO05

Savel FILL Xx0000

Save2 FILL x0000
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Subroutines for carrying out the PUSH and POP functions. This
program works with a stack consisting of memory locations x3FFF

(BASE) through x3FFB (MAX). R6 is the stack pointer.

are needed by POP.

BASE contains -x3FFF.

R1 contains -x4000.

Compare stack pointer to x4000
Branch if stack is empty.

; The actual "pop."
; Adjust stack pointer

Save registers that

are needed by PUSH.

MAX contains -x3FFB

Compare stack pointer to -x3FFB
Branch if stack is full.

Adjust stack pointer

The actual "push"

Restore original

register values.

R5 <-- success.

Restore original
register values.

R5 <-- failure.

BASE contains -x3EFF.



ADD Operands on Stack
<>

| Push | [ Putback both | | Put back 1st POP




Routine to pop the top two elements from the stack,
add them, and push the sum onto the stack. R6 is
the stack pointer.

g
OpAdG//fT> JSR POP
/ ADD R5,R5,#0

\__ - ~ BRo - Exit
3 ADD R1,R0,#0

Get first source operand.
Test if POP was successful.
Branch if not successful.
Make room for second operand

JSR POP Get second source operand.
- ADD R5,R5,#0 Test if POP was successful.
BRp Restorel Not successful, put back first.
DD RO,RO,R1 THE Add.
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RangeCheck Check size of result.
Restore2 Out of range, restore both.
JSR PUSH Push sum on the stack.
On to the next task...
Restore2 AD R6,R6,#-1 Decrement stack pointer.
Restorel AD R6,R6,#-1 Decrement stack pointer.

Exit RET
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Check for Correct Range of Operands



Routine to check that the magnitude of a value is
between -999 and +999.

27"' ~E e N

angeCheck ~ LD R5,Neg999
ADD - R4,R0,R5 ; Recall that RO contains the
BRp BadRange ; result being checked.
LD R5,P0s999 .
ADD R4,R0O,R5
BRnN BadRange
AND R5,R5,#0 ; R5 <-- success
RET < S —
BadRange ST R7,Save ; R7 is needed by TRAP/RET
LEA RO,RangeErrorMsg
TRAP x22 ; Output character string
LD R7,Save
AND R5,R5,#0 ;
ADD R5,R5,#1 ; R5 <-- failure
RET
Neg999 .FILL #-999
P0s999 .FILL #999
Save .FILL x0000
RangeErrorMsg .FILL X000A

.STRINGZ "Error: Number is out of range."
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OpMult (Multiply top two stack elements)
<>

Set flag
Negate multiplier

Ye @ No
— p

[ PusH | [ Put back both | [Put back 1st POP |
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pMult

PosMultiplier

ﬁultLoop

PushMult

Restore2
Restorel
Exit

NEE D

the result on the stack.

Algorithm to pop two values from the stack, multiply them
and if their product is within the acceptable range, push

R6 is stack pointer.

AND R3,R3,#0 -
JSR POP ;
ADD R5,R5,#0 ;
BRp Exit :
ADD R1,R0O,#0 ;
JSR POP ;
ADD R5,R5, #0 ;
BRp Restorel }
ADD R2,R0,#0 ;
BRzp PosMultiplier
ADD R3,R3,#1 ;
NOT R2,R2

ADD R2,R2,#1 ;
AND RO,RO,#0 ;
ADD R2,R2,#0

BRz PushMult ]
ADD RO,RO,R1 ;
ADD R2,R2,#-1 ;
BRp MultLoop

JSR RangeCheck

ADD R5,R5,#0 ;
BRp Restore2

ADD R3,R3,#0 :
BRz PushMult

NOT RO,RO ;
ADD RO,RO,#1 :
JSR PUSH ;
<BREL.

ADD R6,R6,#-1 ;
ADD R6,R6,#-1 :
RET

—

To PusH R

R3 holds sign of multiplier.
Get first source from stack.
Test for successful POP
Failure

Make room for next POP

Get second source operand
Test for successful POP
Failure; restore first POP
Moves multiplier, tests sign

Sets FLAG: Multiplier is neg

R2 contains - (multiplier)
Clear product register

Multiplier = 0, Done.

; THE actual "multiply"

Iteration Control

R5 contains success/failure

Test for negative multiplier

Adjust for
sign of result
Push product on the stack.

Adjust stack pointer.
Adjust stack pointer.
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