SECTION 1: Stack
Stack Example
1. Below is a snippet of code and structures at the beginning, before the code is executed.

Walk through the code, and give the state of the structures at the end by filling out the
blank tables.

Code snippet:
push rl6

pop rl7

pop rl8
pushrl9
push r17

Structures before running code:

RAM
4993
4994
4995
Register File 4996
rl6 17 4997
rl7 | 200 4998
rid | 25 Stack Pointer 4999 313
rl9 4 4998 5000 200
Structures after running code:
RAM
4993
4994
4995
Register Fild 4996
rlé | 17 4997
rl7 | 17 4998 17
rld | 313 Stack Pointer 4099 4
rl9 4 4997 5000 200




Unsigned integer representation

* With n bits, max value that can be

represented: 2™ —

i

Binary to Decimal conversion

1 1 ©

1

(%)

iy 2t 23 2z 2 2°
32 + 16 + 4
=52

6 bits, so max number possible is 2°-1 = 63

Decimal to Binary (unsigned)

1. Find number of bits required
floor(log, number) + 1
2. For each bit-position, starting from highest,
Repeatedly check if number greater or equal
to 2btpesition angd set bit to 0 or 1 accordingly

Number of bits required (unsigned)

¢ 52:log,(52) = 5.7; floor(5.7) = 5; # bits = 6
* Check1:2% — 1 > 52;63 = 52 (YES)
® Check 2: 2% — 1 < 52; 32 < 52 (YES)

* 102:10g,(102) = 6.67; floor(6.67) = 6;# bits = 7
®* Check1:27 — 1 = 102; 127 = 107 (YES)
= Check2:2% — 1 = 102; 63 < 107 (YES)

* 276:10g,(276) = 8.10; floor(8.10) = 8;# bits =9
» Check1:2% —1 = 276;511 = 276 (YES)
® Check2:2% — 1 < 276; 255 < 276 (YES)

Decimal to Binary (unsigned)

52;# bits=6

Bit positions start at 0, so 6 bits means 2% to 25-1

Bit position | Powerof2 | Number = Remainder | Bitwvalue
5 32 52 Yes kL 1

4 16 20 T Ves 4 1

3 8 4 “Ine 4 0

2 4 4 “TYes 0 1

1 2 0 < [Na~ - [ 0

o 1 0 «No 0 0

2’s complement representation

Allows representing negative numbers

Arithmetic operations can be done by
operating on individual bits

0 is always all bits 0
Most negative number: —271

Most positive number: +2771 —1

2’s complement range

1bit This isweird:-1to0
Zbits -2 To +1
3 bits -4 To +3
4 bits -B To 7
S bits -16 To 15
&hits -32 To 31
7 bits -B4 To 63
8 bits -128 To 177
9 bits -256 To 235
10 bits -512 To 511
130 -4 Fre— [TeeE -1e Toeeas -51 | eosees @
191 -3 1001 -7 10001 -15 1ponal -31 |eeseal +1
A 1018 -8 10018 -1 10610 -30 | B0001E <2
181 -1 1911 -5 1eany -13 1ee811 -25 | Basell 3
828 @ 1108 -3 18188 -12 189180 -18 | eaelee 4
81 #1 1101 -3 10101 -11 199181 -27 | 82918l +5
#38 +2 1118 2 18198 18 189115 -26 | 89118 -6
811 +3 1111 -1 10111 .9 188111 -5 [ B@R111 7
" E s P 11898 -5 191809 -24 | 82184 <8
001 +1 118@1 -7 181@al -13 | 82l8@l «9
patE o2 11818 -8 1a18te -22 | @11 <18
2811 48 1811 .5 191811 -21 | 8@1e11 411
168 14 11188 -4 181184 -20 | 821189 +12
v 1191 -3 181181 -19 | 8ar1e 413
P18 o5 118 -2 181118 -16 | 881118 +14
2's complement 8111 +7 1 - 181181 -17 | 8@1111 415
E | s | seo%a B 118808 -16 | 818838 +18
representation " o1 +1 1ieee 15 | @reee +17
B0018 +2 110810 -14 | 810818 +18
epail 43 1ieedl -13 | #deedl +i0
88108 44 110188 -12 | 818188 +18
9101 +5 119181 -11 | 816191 +21
- 20118 46 119110 -18 | 210119 +22
Hexadecu’nal Ta ble 111 47 1e111 -8 [ easns +23
a1e88 48 111888 -8 | 811888 +24
oo |0 1000 |8 a1l +9 118l -7 | ealeen +25
e +18 111818 -6 | B11B1E 426
0001 |1 001 |9 1811 +11 111011 -8 | eniaay +27
a1108 +12 111188 -4 | e11108 428
L 1010 A 81191 +13 111301 -3 |eniied +29
#1118 =14 111118 -2 | 211118 38
W11 |3 1011 |8 o111 +15 111111 -1 |881111 +31
00 |4 110 |C i - ke
0101 5 1101 |D
0110 |6 1110 |E
0111 |7 1111 |F

Decimal to Binary (2’s comp)

First get number of bits
Floor(log, abs (number)) + 2
If positive number, then use process we
developed before and you are done
If negative number,
— First get representation of the absolute value
—Then invert all bits
—Then add +1 to the inverted bits



Decimal to Binary 2’s complement

All 7 bits.

« 52 Nate that the MSE will
. always be reroin this
1. # bits=7 intermediate step

2. Negative number
a) Representation of +52 =

b) Invertall bits: 1001011
c) Add+1: +0000001
=10801100

All 7 bits. Note that the M5B will always
be ONE for negative numbers atthe
very end

2's complement binary to decimal

e If MSB is 0, same as unsigned

* If MSB is 1, reverse steps:
a) Invertall bits
b} Add+1

¢) Now determine magnitude
Remember it is a negative number

2's Complement Binary to decimal

« 1001100
* MSBis1
a) Invert all bits: @l11ee11
b) Add+1: 0000001
0110166
ol Lol sl ol b L o
= 32+16+4 =52
c) -52

d) Go back to 2's complement range and check

2's complement arithmetic
It’s bitwise addition!
*+ 52 +(-101) =-49
00110100

+10011011
11601111

Extension rule: 2s complement

leellee 7 bits
li1ee11ee@ 8 bits
111e811e8 9 bits

* To take a number represented in X bits can get
its representation in Y bits, (Y > X), copy the
MSB into the “new” bit positions

Fixed point

+ After the decimal point negative powers of 2
+ 8.001

1.1 0 1 ©
20 2—1 2—2 2—3 2—4
1.625

Conversion from binary to decimal

* 0.43
number =
Powerof 2 Weight Number weight Remainder Bit value
05 0.43 No D43 0
n 025 0.43 Yes 0181
B 0.125 0.18 Yes 0055 1
16 0.0625 0055 Mo 0.055 0
iz 003125 0055 Yes 002375 1
&4 0.015625 0.02375 Yes 0.008125/1
128 0.0078125 0.00B125 Yes 0.0003125 1
Represented
walue 0.4296875

Floating Point Standard
IEEE-754 Standard
Single-Precision Representation

1 bit B bits 23 bits
S Exponent ‘ Fraction
o N = =15« 1. fraction = 26*ponent=127
when 1 < exponent < 254
e N =—1°%*0. fraction » 27126

when exponent ==

116060001100100010000000000000008
1 1loeeeeel 160leecoocecoocecceecoe

S = 1 ; therefore negative number
exponent = 129

fraction = 199100060ER0PEEPEDEREEA
N = —=1' +1.1001 « 2129-127
N=-1'+1.1001 * 2%
N=-1'+110.01
N = 6.25

743.5

86810 1110 ©111.10

= 1.01116 0111.18 * 2°
1) fraction = 011100111

2) Exponent-127=9=Exponent = 136
leeo1600
3) Final representation
B 1880810606 9111 6811 1066 0806 bees Lo



SECTION 2: Conversions
2. Convert decimal numbers to/from unsigned magnitude and 2’s complement using 8-bits by

filling out the table below. Ignore the underscores, they are just there for readability.

0b1100_0110

Decimal
Signed Magnitude 2’s complement
Binary Hexadecimal Binary Hexadecimal
-113 -113 =(-1) * (64 0xF1 113=64 +32 + 0x8F
+32+16+1)= 16+1=
Ob1111_0001 0b0111_0001
-113 =
0b1000_1111
(-1)*(64+8+ Ob1100 1110 0xCE -78 =-128 + 32 0xB2
4+2)=-78 +16+2=
0b1011_0010
-128 +32+16+ | -70 = (-1) * (64 0xC6 Ob1011 1010 0xBA
8§+2=-70 +4+2)=

3. Convert 121.78125 from decimal to unsigned fixed point notation.

121/2 =
60/2 =
30/2 =
15/2 =

7/2 =
3/2 =
1/2 =

O O O O o

.78125/0.50000
.28125/0.25000
.03125/0.12500 =
.03125/0.06250 =
.03125/0.03125 =
121.78125 =

60
30
15

R1
RO
RO
R1
R1
R1
R1

o r W Jd

|
HoOOoORHK

1111001.

RO
RO
RO
RO
RO

.28125
.03125
.03125
.03125

11001




4. What is the approximate value of OECE2520 in floating point notation? You do not need to
compute the exact answer, just set up the formula in decimal.

OECE2520

= 0000 1110 1100 1110 0010 0101 _0010_0000

= 0_00011101_10011100010010100100000

sign = 0

exponent = 16 + 8 + 4 + 1 = 29

fraction = .10011100010010100100000 = 0.5 + 0.0625 +
0.03125 + 0.015625 + ... = 0.61051

(_ l)sign % 2exponent—127 « (1 + fraction)
~ (_ 1)0 X 229_127 X (1 =+ 061051) # getting to this step is full credit
=1x27%x1.61051
=5.08187E—30

5. Assuming two’s complement notation, perform the following calculations using 8-bits two’s
complement notation. Express your answer in two’s complement binary.

1111
a. 10101010 (-86)
+11111001 +(-7)
10100011 (-93)

b. 11001100 (-52)
~10110110 -(-74)
00010110  (22)

or equivalently by taking the 2’'s complement and then
adding

1111 1
11001100 (-52)
+01001010 +(74)
00010110 (22)
6. Compute the following boolean operations. Ignore the underscores, they are only there for
visibility.
a. 1001_0101~0101 1001
1100 1100
b. (y|~y&y (v is 8 bits)
y



Instruction IDgcrip‘tion IOp 1 IOp 2 IEvaact on operands ]EFFec‘t oh specials |Ekamp1@

Load/Store instructions

1di Load immediate reg 16-31 2-bit walue opl = op2 ag: none 1di rls, 45
moy Move reg reg opl = o Sreg: none mov rl, r2
1d Load from RAM rag X opl = + 256%r27] eg: none 1d r1, X
st Store RAM 4 reg REM[r + 256%r27] = op2 cPC; sreg: none st ¥, rl
Computation Instructions
add [Add reg reg opl = P2 add rl, r2
sub Subtract reg reg opl = opl sub rl, r2
inc Increment regist reg none opl = : |
dec Decrament regi reg none opl = 1 dec prl
and | Ana reg reg & op2 and rl, r2
ar O reg reg opl or rl, r2
anr Exclusive-or reg reg op2 aop rl, r2
COm Complement, Mot reg none com pl
neg Negate reg none opl neg rl
asr [Arithmetic shift right rag none opl »» 1 asr rl
nmodified
cp Compare two registers reg reg
subi Subtract immediate value opl - op2
andi And immediate walue opl & op?
ori O immediate re; value opl | op2
adc Add with carry reg opl + op2 + C sreg: MIC
she Subtrect with carry reg opl - op2 - C sreg: MNZC
Input /Qutput
in Read 170 register reg value B-63 fead inte opl SregD none
2 I/0 register value @-83 reg Write op2 to opl sreg: none
Control-Flow
rimp Relative jump Valus: -2848 o none none rimp 4
2047 rimp -3
breq if equal Value: -84 To +83 NONE none breq 2
breg -3
brne if not egual Value: -64 to +83 none none 1; brne 2
brae 3
brsh if same or higher [Value: -84 to +83 none none 1; brsh 2
brsh -3
brlo Branch if louwer value: none none brlo 2
brlo -3
rcall Call relative address Value: -20848 to none push pc+1 rcall -12
28 Sreg: none
ret Return from subroutine none none c; sreg:onone ret
SEack
push Push register to stack reg none RAM[=p] = opl incPC; sreg: none push rl
spo=osp - 1
pop Pop register off stack reg none sp=sp+1l incPC; sreg: none pop rl
opl = RAM[sp]
Setting sreg Setting sreg for cp
N: set if result is negative if {opl » op2) =et M else clear M I0 reg
I: set if result is @ if 1 == opl) set I else clear Z i IO reg 17
add, addi, adc ot if opl + op2 > 255 if 1 ¢ op2} set ¢ elze clesr C D: IO reg 1B
sub, subi ] if opl < op2 (unsigned) SPL: IO reg 61
neg, asr ot if opl was odd SPH: IO reg 62
sbe ] if opl + C <« ep2 {unsigned)

Example ISA Operations

label_name: log 1di r26, loB{label_name)

.byte{lsbel _nam=} 0,1,1,2,3,5,8 hig r27, hig{label_nam=)
string string{label_name) "hello world™

Program layout

Prog memory if (x == y) write reg 2 to output
1di r31, 91 3 in rilyy din r2 1 r3l,
cporl, r2 out 17, r3l
oreg foo_code out 18, rl
o program start if (x ==1@)
yxcdn plsydn pl
1di r31,

cp rl,

oreg foo_code

if (x »>= y)
;x in ri,y dn
cp rl, r2
brsh foo_code




SECTION 3: Code Snippets

7. Translate the following piece of code from Python to AVR assembly.

x = 20
y = 30
n =1
s =0
while (n<5) :
S = S + n
if (x<=y):
X =X +y
else:
y =x - Y

; rlé is used for
; rl7 is used for
; rl8 is used for
; rl9 is used for s

= I S

; up to you to figure

1di rleé, 20

1di r17, 30

1di ri18, 1

1di r19, O
whileLoopBegin:
1di r22, 5

cp rl8, r22

brsh whileLoopEnd
add r19, rl18

mov r20, rl7

inc r20

cp rlée, r20

brsh elseBlockBegin
add rl6, rl7

X +y

rjmp ifElseEnd

elseBlockBegin:
mov r2l, rl7
mov rl7, rlé6
sub rl7, r21

out the rest of the register usage
; rle = x = 20

; rl7 =y = 30
; rl8 = n =1
; rl8 = s =0

; label for while (n<5):

; which immediate value to load for compare-?
; which 2 registers to compare?

; which label to jump to?

; s =s +n

; which register to move/copy to r20?

; which 2 registers to compare?
; if x > y, then jump to elseBlockBegin
; else fall through and execute if block; x

; jump to end of if-else block

; label for else block

; some statement (s)



ifElseEnd: ; label for end of if-else block

inc rl8 ; n=n+1

rjmp whileLoopBegin ; jJump to check condition of while loop again
whileLoopEnd: ; label for end of while loop

halt ; halt to end program

8. Translate the following piece of code from Python to AVR assembly.
n = 20
counter =1
sum = 0
while (counter <= n):
sum = sum + counter
counter = counter + 1

print (sum)

ASSEMBLY EQUIVALENT

1di rle6,20
1di rl17,1 ; rl7 will store the counter
1ldi r18,0 ; rl8 will store the sum

begin while:

cp rl6,rl7 — Which registers should be compared?

brlo end while — Which label should we jump to in this case?
add rl1l8,rl1l7 - How should we perform the summation?

inc rl7

rjmp begin while - Which label should we jump to in this case?

end while:
1di r19, 255
out 17, rl9
out 18, ril18



