ECE 120: Introduction to Computing

Typing in a Number

o a task in human terms
ointo a program using L.C-3 instructions.

Starting with the task, we shall
> identify information that we need to store,
> assign registers for stored values

odraw a flow chart for the code
(roughly at the level of instructions), and

o write instructions in human-readable form.

(The actual program is also available to you.)
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ofrom 0 to 32767
ousing the keyboard, and
o pressing <Enter> when done.

Read in the number, convert it to
2’s complement, and store it in memory.
Give errors if

1. a non-digit is pressed, or

2. overflow occurs (> 32767).
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What do we need to store?

In other words, what information do we need
to have handy 1n order to solve the problem?
Does this question remind you of FSMs?
o Keys are inputs (including <Enter>),

o error messages are outputs, and

onumber typed is eventually read out.

°Qur program is like an FSM!
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32 20 040 s#32;

33 21 041 &:gj: !
o 34 22 042 & 2"

What do we need to store? Any idea why? 3 5 o orsc

37 25 045 «#37;

xFFDO0 = -x0030 = ‘0’ (the 0 digit in ASCII) 38 26 0t aase:

In other words, what information do we need 5 on il
to have handy in order to solve the problem? So? U 7 s caars

42 24 052 &#42;
43 2B 053 &#43;

1. the key pressed (one at a time) When we want to convert a digit typed in g
, ASCII into a 2’s complement value, %0 2 (R are:
2. the current value of the user’s number - we need to subtract x0030, Bt
oD e ey el °but we can only subtract x0010 i 5 0o :Ez
with a single ADD instruction. £ 35 068 ahea;

55 37 067 «#55;

56 38 070 «#56;
57 39 071 «#57;

s 44— cpwmw

@I D WO
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b

value for computations. » "
how do we update the “current value?

Let’s assign registers.

For example, suppose that
\yg)e;le;vg ; iig.ls(;{g. (TRAP x20) othe usef has t}II)II))ed 3, 2, 7, and 6, (in that order),
o the keystroke comes back in RO, so > 50 the “current value” is 3276.
> use RO for the key pressed. If the user presses ‘7,” we should
R1 can be the current value of the number. ouse 3276 and 7
R2 can hold xFFDO. o to calculate 32767.
And R3 can be our temporary. How?
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new value = 10 X current value +
new digit

Like that?

Good, we can use the LC-3
MULTIPLY instruction.

Oh.
Well, we'll figure it out.
Let’s draw a flow chart.
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initialize
variables

TRUE
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Here’s our table of RO key pressed
registers. R1 current value
RO will be filled in

by GETC. R2 xFFDO

R3 is just a temporary. R3 temporary
We need to set R2 to xFFDO.

What about R1?

(What value should it have before
the user presses a key?)
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Here is our formula for updating: x3000 LD R2,

new value = 10 X current value + new
digit
If the user
o first presses 5,
owe want new value to be 5, so

5=10 X current value + 5
What should “current value” be? 0
Ok, so we have to initialize R1 to 0.
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x3000 LD R2,
x3001 AND R1,R1#0

read a
character
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x3000 LD R2,

x3001 AND R1,R1#0
x3002 TRAP x20
x3003 TRAP x21
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Dec Hx Oct Char
x3000 LD RZ, 0 0000 NUL (null) x3000 LD R2,
1 1001 50H (start of heading)
x3001 AND R1,R1,#0 2 2002 T (start of text) x3001 AND R1,R1,#0
x3002 TRAP x20 P e x3002 TRAP x20
6 6 006 ACK (acknowledge)
x3003 TRAP x21 T ToorEe pun x3003 TRAP x21
x3004 ADD R3,R0,#-10 10 3012 LE (ML ine feed mew line] x3004 ADD R3,R0,#-10
11 B 013 ¥vT tical tab
12 € 014 FF :;;rfu;n feed), nev page)| x3005 BRz
13 D 015 CR (carriage return)
- B
- -
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x3000 LD R2,

x3001 AND R1,R1,#0
x3002 TRAP x20
x3003 TRAP x21
x3004 ADD R3,R0#-10
x3005 BRz

x3006 ADD RO,R0,R2
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x3000 LD R2, x3000 LD R2,

x3001 AND R1,R1,#0 x3001 AND R1,R1,#0

x3002 TRAP x20 x3002 TRAP x20

x3003 TRAP x21 x3003 TRAP x21

x3004 ADD R3,R0,#-10 x3004 ADD R3,R0#-10

x3005 BRz x3005 BRz -
x3006 ADD R0,R0,R2 x3006 ADD R0,R0,R2

x3007 BRn x3007 BRn

_ x3008 ADD R3,R0,#-10
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x3000 LD R2,

x3001 AND R1,R1,#0
x3002 TRAP x20
x3003 TRAP x21
x3004 ADD R3,R0,#-10
x3005 BRz

x3006 ADD RO,R0,R2
x3007 BRn

x3008 ADD R3,R0,#-10
x3009 BRzp

multiply
by 10
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x3000 LD R2,

x3001 AND R1,R1,#0
x3002 TRAP x20
x3003 TRAP x21
x3004 ADD R3,R0,#-10
x3005 BRz

x3006 ADD R0,R0,R2
x3007 BRn

x3008 ADD R3,R0,#-10
x3009 BRzp
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x300A ADD R3,R1,R1
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
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; This is a comment.

x300A ADD R3,R1,R1
; Now R3 has 2V.

x300B ADD R3,R3,R3
; Now R3 has 4V.

x300C ADD R1,R1,R3
; Now R1 has 5V.

x300D ADD R1,R1,R1
; Now R1 has 10V.

add new
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x300A ADD R3,R1,R1
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
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How do we check for overflow?

Unfortunately, it’s not so easy.

Checking for overflow requires checking
all of the ADD instructions.

We won’t do that here.

To see the overflow checks, look at
the full version provided to you.

x300A ADD R3,R1,R1
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp ___
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store the
number
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x300A ADD R3,R1,R1
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp

x3010 ST R1,
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X b ki
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp

x3010 ST R1,

x3011 TRAP x25

X ) ’
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp

x3010 ST R1,

x3011 TRAP x25
x3012 xFFDO

x3013 place for number
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X b

x3001 AND R1,R1,#0
x3002 TRAP x20
x3003 TRAP x21
x3004 ADD R3,R0,#-10
x3005 BRz

x3006 ADD R0,R0,R2
x3007 BRn

x3008 ADD R3,R0,#-10
x3009 BRzp
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X v,
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp

x3010 ST R1,

x3011 TRAP x25

x3012 xFFDO

x3013 place for number

s time for...
Well, yes, we'll turn them into bits.
But I meant counting!

Almost as exciting as bits.
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X b

x3001 AND R1,R1,#0
rx3002 TRAP x20
x3003 TRAP x21
x3004 ADD R3,R0,#-10
x3005 BRz

x3006 ADD R0,R0,R2
x3007 BRn

x3008 ADD R3,R0#-1

x3009 BRzp
PC will point here

X s 5
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp

x3010 ST R1,

x3011 TRAP x25

x3012 xFFDO

x3013 place for number

% , X

x3001 AND R1,R1#0

X ’ s
x300B ADD R3,R3,R3
x3002 TRAP x20 x300C ADD R1,R1,R3
x3003 TRAP x21 x300D ADD R1,R1,R1
x3004 ADD R3,R0,#-10 x300E ADD R1,R1,R0
x3005 BRz _XA x300F BRnzp

x3006 ADD R0,R0,R2 ZX?)O].O ST R1,

x3007 BRn ____ x3011 TRAP x25

x3008 ADD R3,R0,#-10 x3012 xFFDO

x3009 BRzp x3013 place for number

PC will point here
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X , X
x3001 AND R1,R1,#0
x3002 TRAP x20
x3003 TRAP x21
x3004 ADD R3,R0,#-10
x3005 BRz xA

x3006 ADD RO,RO,R2
x3007 BRn _XC

x3008 ADD R3,R0,#-10,
< x3009 BRzp
PC will point here
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X v,
x300B ADD R3,R3,R3
x300C ADD R1,R1,R3
x300D ADD R1,R1,R1
x300E ADD R1,R1,R0
x300F BRnzp

x3010 ST R1,

x3011 TRAP x25

x3012 xFFDO

x3013 place for number
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X X X

x3001 AND R1,R1,#0 x300B ADD R3,R3,R3
x3002 TRAP x20 x300C ADD R1,R1,R3
x3003 TRAP x21 x300D ADD R1,R1,R1
x3004 ADD R3,R0,#-10\ x300E ADD R1,R1,R0
x3005 BRz xA x300F BRnzp
x3006 ADD R0O,R0,R2 | x3010 ST R1,

x3007 BRn xC x3011 TRAP x25
x3008 ADD R3,R0,#-10) x3012 xFFDO
x3009 BRzp XA x3013 place for number

PC will point here
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x3001 AND Rl R1,#0 x300B ADD R3, R3 R3

x3002 TRAP x20

x3003 TRAP x21

x3004 ADD R3,R0,#10 x300E ADDR1,R1,R0
x3005 BRz xA x300F BRnzp * X-E
x3006 ADD R0O,RO,R2 _ x3010 ST R1,

x3007 BRn xC x3011 TRAP x25

x3008 ADD R3,R0,#-10\ x3012 xFFDO
x3009 BRzp xA x3013 place for number

PC will point here

x3001 AND Rl R1,#0 x300B ADD R3, R3 R3

x3002 TRAP x20 x300C ADD R1,R1,R3
x3003 TRAP x21 x300D ADD R1,R1,R1
x3004 ADD R3,R0#-10 x300E ADD R1,R1,R0
x3005 BRz xA x300F BRnzp x-E
x3006 ADD RO,RO,R2  x3010 ST R1, X2
x3007 BRn xC x3011 TRAP x25

x3008 ADD R3,R0#-18, x3012 xFFDO
x3009 BRzp xA x3013 place for number

PC will point here
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x3001 AND Rl R1,#0 x300B ADD R3, R3 R3

x3002 TRAP x20 x300C ADD R1,R1,R3
x3003 TRAP x21 x300D ADD R1,R1,R1
x3004 ADD R3,R0#-10 x300E ADD R1,R1,R0
x3005 BRz xA x300F BRnzp x-E
x3006 ADD RO,RO,R2  x3010 ST R1, x2
x3007 BRn xC x3011 TRAP x25

x3008 ADD R3,R0#-10 x3012 xFFDO
x3009 BRzp xA x3013 place for number

slide 45

ECE 120: Introduction to Computing

©2016 Steven S. Lumetta. All rights reserved. slide 46

, X

destination
opcode register 9-bit 2’s complement offset

In a program, we include the spaces
between bits (more readable for humans)
and add a comment, either “LLD R2,x11”
or “R2 — M[PC + x0011].”
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mode
For example... destination source 5-bit
opcode register register 1 2’s complement

0011 0000 0000 0000 ; start at %3000
0010 010 000010001 ; LD R2,x11 [0]2]o]1][o]0]z][oo]z][1][o]o]o]0]0]
AND R1, R1, #0

; and so forth...

destination
opcode register 9-bit 2’s complement offset

[ofo]1]0] [o]z]o] [ofo[o[o]2[0]o]0]1]
LD R2, x11
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I think you can manage it.

Look at the LL.C-3 encoding table,
and write the bits.

Compare your answers with the
code provided on the web page.
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