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First: Last:

Thisis a closed book exam. Y ou must put your answers on this piece of paper only. You
have 50 minutes, so alocate your time accordingly. Please read the entire quiz before starting.

(5) Question 1. Answer A,B,C,D.E

(5) Question 2. Answer $00 to $FF

(4) Part 3a. Specify RegB

(2) Part 3b. Specify 0 or 1

(2) Part 3c. Specify 0 or 1

(2) Part 3d. Specify 0 or 1

(2) Part 3e. Specify 0 or 1

(10) Question 4. Specify D

(10) Question 5. Show the machine code

(10) Question 6. What valueis pushed

(10) Question 7. Simplified memory cycles (you may or may not need all 5 entries)

R/ 'W| Addr |Dat a|changes
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(40) Question 8. Write the assembly language program that implements a thermostat.
PORTA equ $0000
PORTB equ $0001
DDRA equ $0002
DDRB equ $0003
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These two tables interpret indexed-mode machine codes

re register

00 X

01 Y

10 SP

11 PC
post byt e, xb syntax node expl anati ons
rr 000000 T | DX 5-bit constant, n=0
rroonnnn n, r | DX 5-bit constant, n=0 to +15
rrO0lnnnn -n, r | DX 5-bit constant, n=-16 to -1
rr100nnn n, +r | DX pre-increnment, n=1to 8
rrl0lnnn n,-r | DX pre-decrenent, n=1 to 8
rr110nnn n,r+ | DX post-increnment, n=1to 8
rrlllnnn n,r- | DX post -decrenent, n=1 to 8
111rr 100 Ar | DX Reg A accumul at or of fset
111rr 101 B, r | DX Reg B accumnul at or of f set
111rr 110 Dr | DX Reg D accumul at or of f set
111rr 000 ff n, r | DX1 9-bit cons, n 16 to 255
111rr 001 ff -n, r | DX1 9-bit const, n -256 to -16
111rr 010 eeff n,r | DX2 16-bit const, any 16-bit n
111rr 111 [D r] [ D, | DX] Reg D of fset, indirect
111rr011 eeff [n,r] [ 1 DX2] 16-bit constant, indirect

0 RAB Inclusive OCR B OR_AB
Operation: BEi+(Mi=B

Description:

Performs bitwise logical inclusive OR betwesn the content of accumula-

tor B and the content of memory location M. The result is placed in B.
Each bit of B after the operation is the logical inclusive OR of the corre-
sponding bits of M and of B before the opearation.

Condition Codes and Boolean Formulas:

5 X

H |

M & V C

[=]-]-]-Ta]sfu]-]

M Set if MSE of result is set; clearad atharwise.
£ Setifresult is $00; cleared otherwisa.

Voo 0 Cleared.

Source Form Address Mode Object Code Cycles Access Detail
ORAB #opr8i (1AM CA i 1 =)
ORAB oprSa DIR Da dd 3 rfF
ORAB opriGa EXT Fi hh 11 3 rOF
ORAB oprx(_xysp DX EA xb 3 rip
ORAB oprx@ xysp DA Ex xb ff 3 b=la]
DORAE oprx 16 xysp IDx2 Eh xb e= ff 4 frep
ORAB [D,xpsp] [D10X] EA xb & fIfrfP
DORAE [oprx 16 xysp] [1DXx2] ER xb ee ff 8 fIPrfp

Jonathan W. Vavano

September 26, 2003

11:00am-11:50am




EE319K Fall 2003 Quiz 1

aba
abx
aby
adca
adcb
adda
addb
addd
anda
andb
andcc

asl /| sl

8-bit add RegA+RegB

unsi gned add RegX+RegB

unsi gned add RegY+RegB

8-bit add with carry to RegA

8-bit add with carry to RegB

8-bit add to RegA

8-bit add to RegB

16-bit add to RegD

8-bit logical and to RegA

8-bit logical and to RegB

8-bit logical and to RegCC
8-bit left shift Menory

aslal/lsla 8-bit left shift RegA
aslb/lslb 8-bit arith left shift RegB
asld/lsld 16-bit left shift RegD

asr
asra
asrb
bcc
bel r
bcs
beq
bge
bgnd
bgt
bhi
bhs
bita
bith
bl e
bl o
bl s
bl t
bmi
bne
bpl
bra
brclr
brn
br set
bset
bsr
bvc
bvs
cal
cbha
clc
cl

clr
clra
clrb
clv
cnpa
cnpb
com
coma
conb
cpd
cpx
cpy
daa
dbeq
dbne
dec
deca
decb
des
dex
dey
edi v
edi vs
emacs
emaxd
emaxm
em nd
em nm

8-bit arith right shift Menory
8-bit arith right shift

8-bit arith right shift to RegB
branch if carry clear

clear bits in menory

branch if carry set

branch if result is zero (Z=1)
branch if signed =

enter background debug node
branch if signed >

branch if unsigned >

branch if unsigned =

8-bit and with RegA, sets CCR
8-bit and with RegB, sets CCR
branch if signed =

branch i f unsigned <

branch if unsigned =

branch if signed <

branch if result is negative (N=1)
branch if result is nonzero (Z=0)
branch if result is positive (N=0)
branch al ways

branch if bits are clear

branch never

branch if bits are set

set bits in menory

branch to subroutine

branch if overflow clear

branch if overfl ow set
subroutine in expanded nenory
8-bit conpare RegA with RegB
clear carry bit, C=0

clear 1=0, enable interrupts
8-bit Menory clear

RegA cl ear

RegB cl ear

clear overflow bit, V=0

8-bit conpare RegA with nmenory
8-bit conpare RegB with menory
8-bit |ogical conplenment to Menory
8-bit | ogical conplenment to RegA
8-bit |ogical conplenment to RegB
16-bit conpare RegD with nenory
16-bit conpare RegX with nenory
16-bit conpare RegY with nenory
8-bit deci mal adjust accunul ator
decrement and branch if result=0
decrenment and branch if result?0
8-bit decrement nenory

8-bit decrement RegA

8-bit decrement RegB

16-bit decrenent RegSP

16-bit decrenent RegX

16-bit decrenent RegY
RegY=(Y: D)/ RegX, unsigned divide
RegY=(Y: D)/ RegX, signed divide
16 by 16 signed mult, 32-bit add
16-bit unsigned maxi mumin RegD
16-bit unsigned maxi mumin nmenory
16-bit unsigned mnimumin RegD
16-bit unsigned m ni mumin nmenory
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RegY: D=RegY*RegD unsi gned nul t
RegY: D=RegY*RegD si gned nul t
8-bit | ogical exclusive or to RegA
8-bit | ogical exclusive or to RegB
16-bit | ook up and interpolation
exchange regi ster contents

16-bit unsigned fractional divide
increnment and branch if result=0
increment and branch if result?0
16-bit unsigned divide

16-bit by 16-bit signed divide
8-bit increment nenory

8-bit increment RegA

8-bit increment RegB

16-bit increnent RegSP

16-bit increnent RegX

16-bit increnent RegY

jump al ways

junp to subroutine

long branch if carry clear

long branch if carry set

long branch if result is zero
long branch if signed =

long branch if signed >

I ong branch if unsigned >
I ong branch if unsigned =
long branch if signed =

I ong branch if unsigned <

I ong branch if unsigned =

long branch if signed <

long branch if result is negative
long branch if result is nonzero
long branch if result is positive
| ong branch al ways

| ong branch never

long branch if overflow clear
long branch if overflow set

8-bit |load menory into RegA
8-bit load nmenory into RegB
16-bit | oad nenmory into RegD
16-bit | oad nenory into RegSP
16-bit | oad nenory into RegX
16-bit | oad nenory into RegY
16-bit |oad effective addr to SP
16-bit | oad effective addr to X
16-bit | oad effective addr to Y
8-bit logical right shift nmenory
8-bit logical right shift RegA
8-bit logical right shift RegB
16-bit logical right shift RegD
8-bit unsigned maxi mumin RegA
8-bit unsigned maxi mumin menory
determ ne the nmenbership grade
8-bit unsigned minimumin RegA
8-bit unsigned mninmumin nmenory
8-bit nmove nmenory to nmenory
16-bit nmove nenory to nmenory
RegD=RegA* RegB

8-bit 2's conpl ement negate nenory
8-bit 2's conpl enent negate RegA
8-bit 2's conplenent negate RegB
8-bit logical or to RegA

8-bit logical or to RegB

8-bit logical or to RegCC

push 8-bit RegA onto stack

push 8-bit RegB onto stack

push 8-bit RegCC onto stack

push 16-bit RegD onto stack

push 16-bit RegX onto stack

push 16-bit RegY onto stack

pop 8 bits off stack into RegA
pop 8 bits off stack into RegB
pop 8 bits off stack into RegCC
pop 16 bits off stack into RegD
pop 16 bits off stack into RegX
pop 16 bits off stack into RegY
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rev Fuzzy logic rule evaluation subb 8-bit sub from RegB
revw weighted Fuzzy rule eval uation subd 16-bit sub from RegD
rol 8-bit roll shift left Menory SW software interrupt, trap
rola 8-bit roll shift left RegA tab transfer Ato B
rolb 8-bit roll shift left RegB tap transfer Ato CC
ror 8-bit roll shift right Menory t ba transfer Bto A
rora 8-bit roll shift right RegA tbeq test and branch if result=0
rorb 8-bit roll shift right RegB t bl 8-bit ook up and interpolation
rtc return sub in expanded nenory tbne test and branch if result?0
rti return frominterrupt tfr transfer register to register
rts return from subroutine tpa transfer CCto A
sbha 8-bit subtract RegA- RegB trap illegal instruction interrupt
shca 8-bit sub with carry from RegA trap illegal op code, or software trap
sbcb 8-bit sub with carry from RegB t st 8-bit conpare menory with zero
sec set carry bhit, C=1 tsta 8-bit conpare RegA with zero
sei set 1=1, disable interrupts tstb 8-bit conpare RegB with zero
sev set overflow bit, V=1 tsx transfer S+1 to X
sex sign extend 8-bit to 16-bit reg tsy transfer S+1 to Y
staa 8-bit store nenory from RegA txs transfer X-1 to S
stab 8-bit store nenmory from RegB tys transfer Y-1 to S
std 16-bit store menory from RegD wai wait for interrupt
sts 16-bit store menory from SP wav wei ghted Fuzzy | ogi c average
stx 16-bit store menory from RegX xgdx exchange RegD with RegX
sty 16-bit store menory from RegY xgdy exchange RegD with RegY
suba 8-bit sub from RegA

exampl e addressing node | Effective Address

| daa #u i medi ate EA is 8-bit address (0 to 255)

| daa u direct EA is 8-bit address (0 to 255)

| daa U ext ended EA is a 16-bit address

ldaa mr 5-bit 1 ndex EA=r+m (-16 to 15)

| daa v, +r pre-increnment r=r+v, EA=r (1 to 8)

ldaa v, -r pr e-decr enment r=r-v, EA=r (1 to 8)

I daa v,r+ | post-increnent EA=r, r=r+v (1 to 8)

ldaa v, r- post - decr enent EA=r, r=r-v (1 to 8)

ldaa Ar Reg A of fset EA=r +A, zero padded

I daa B, r Reg B of fset EA=r +B, zero padded

ldaa D, r Reg D of fset EA=r +D

ldaa q,r 9-bit 1ndex EA=r +q (-256 to 255)

ldaa Wr 16-bit index EA=r +W (- 32768 to 65535)

ldaa [D,r D indirect EA={r +D}

ldaa [Wr i ndirect EA={r+W (-32768 to 65535)

Motorola 6812 addressing modes

(5) Question 1. Which term best describes a memory that retains its information when power is

removed and restored?

A) nonvolatile

B) volatile

C) memory mapped D) friendly

E) none of these

(5) Question 2. What isthe 8-bit unsigned hexadecimal representation of the number 1717
Question 3. Consider the result of executing the following two 6812 assembly instructions.

(4) Part a) What is the value in Register B after these two instructions are executed? Give your

| dab #101
subb #110

answer in unsigned decimal (0 to 255).
(2) Part b) What will be the value of the carry (C) bit?
(2) Part ¢) What will be the value of the overflow (V) bit?
(2) Part d) What will be the value of the zero (Z) bit?

(2) Part €) What will be the value of the negative (N) bit?
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(10) Question 4. The range of values spans 0 to 0.255 (2.55e-1), and you will use an 8-bit unsigned
decimal fixed-point format. What resolution D would be best?
(10) Question 5. Show the machine code generated by the instruction
orab -20,y
(10) Question 6. Whenthebsr sub instruction is executed, what value is pushed on the stack?

$F120 CFOCO0 [ 21( 0O){OP }min lds #3$0C00

$F123 87 [ 11( 2){O } clra

$F124 0766 [ 41( 3){PPPS }loop bsr sub

$F126 20FC [ 3]( 7){PPP } bra | oop
. Purpose: increnment a nunber
; Input: RegA range 0 to 255
; Qut put: RegA=Il nput +1
; Errors: overflow if 255

$F18C 42 [ 1]1( 10){O }sub inca

$F18D 3D [ 5]1( 11){Uf PPP} rts

$FFFE org $fffe

$FFFE F120 fdb main

(10) Question 7. Give the ssimplified memory cycles produced when the following one instruction is
executed. Assume the PC contains $F129, Reg Y equals $0980, Reg B is 0, and each memory location
from $0900 to $09FF contains a value equal to the least significant byte of its address. I.e., $0900
contains $00, $0901 contains $01, $0902 contains $02 etc. Show changes during the cycle they occur
to the memory, PC, Y, B, IR, and EAR. Ignore changes to the CCR.

$F129 EA4A [ 3](3){rfP} orab 10,y

(40) Question 8. Write the assembly language program that implements a thermostat. PORTB is an 8-
bit output that controls the heater to the room. If you set PORTB to $00, the heater will go off. If you
set PORTB to $FF, then the heater will turn on. PORTA is an 8-bit input containing the current
temperature in unsigned binary fixed-point format with a resolution of 2°F. The range is 0°F to
127.5°F. For example, if the room temperature is 70°F, then reading PORTA will return 140 (decimal).
If the temperature goes below 68°F, turn the heater on. If it goes above 72°F, turn the heater off.

/ set DDRA DDRB/

=< 68 sensor 72
<68F /

J>68F / turn on heater / your controller
< [

S72F / turn of¥ heater /

heater

Jonathan W. Valvano  September 26, 2003  11:00am-11:50am



EE319K Fall 2003 Quiz 1

Table A-3 Indexed Addressing Mode Postbyte Encoding (xb)

Page 7

00 10 20 30 Ll 20 G0 T Lo AD BO Co 0] EO Fo

[+ L 1,+X 1,5+ oY =16,¥ 1.+Y 1.¥+ 0SF -16,5F 1.+5P 1,5P+ opPC -16,PC nx nSF
Shconst  [Sboonst |pee-ine postine  |Sbeonst  [Sbeonst  |pre-ine pasting  |Sbeonst  [Sboonst  |pee-ne pasting  |Sbconst  |Sboonst  |Sbconsl | B0 const
01 11 21 3 41 51 &1 7 &1 o1 (A1 B1 C1 D1 E1 F1

15 -5, X 24K 2+ 1Y —15,Y 2,+Y 2%+ 15F -15,5F 245F LEP+ 1PC -15,PC 5 S
5boconat  |Sbeonst  |predne postine  |Sboonst  |Sbeonst  |pre-ine postine  |5b oonst  |Sbeonst  |pre-ine postine  |Sbconst  |Sbconst |90 consl 90 const
02 12 22 32 42 a2 52 T2 82 92 A2 B2 fod D2 E2 F2

2 —H4.x 34K 3x+ ¥ —H.Y A+ 3.¥+ 250 —14,8F 3+8P 15P+ 2P0 —14,PC [ nsSP
S5 conat Speonsl  |pre-ing postHng Sb conat Soconal  |pee-nc mosting 5o conal Sbconst  |pre-inc [posHne Sb const Sb conal 160 conat | 16 consl
03 13 23 <= ] 43 53 63 T3 83 93 A3 B3 fox] D3 E3 F3

3. 13X 4+x 4.5+ 3Y -13Y 4.+ 45+ 3,5F -13,5P 4+3P 4. 5P+ AP0 -13.FC In.x] nSP]
Sboonat  |Sbomst  [predne mestine |Sbooomst  |Sbomst  [predne [posting Sooonst  |Sbemst  |pre-ine postine |5b const  |Sbeost  [16b nde 168 inde
[+ 14 4 <" | 4 54 -] 74 8 B4 A B84 C4 D4 =] F4

4% —1&X S0 & 4.% -12Y 54Y 5.+ 4,58 -12.5p 545R 5,88+ 4FC —12 PG AR ASP
Somnst  |Sbomst  [me-nc est-no Soonsl  |Sbemst  (pre-ine post-ne Sooonat  |Sbemst  |pre-ine [past-nc Sooonst |Sbamsl  |Actisst A afizat
(13 15 35 45 55 &5 -] a5 o5 A5 BS (=] D5 ES F5

58X 115 BAX B, X+ E 0 -11.¥ B4Y B,Y+ 5,5P =-118¢ B8R &.85P SPC —-1LPC BX B.5P
5b const Sbconst pes-ing post-ing 5B const Sb conat pee-nG post-ine 5B const S conat PR past-ing Sb conatl &b conat B offtast Ballss
06 16 -] 36 46 56 -] [ a5 96 Al B6 L. D& E& F&

&% 10X [E . 7R 6, —10,¥ T+ T+ 6.5P -10.8F T+8P 7.5P+ &,PC —1GPC DX LspP
Spoonsl  |Sbeomst  [predne pat-ine Sboonsl  |Sbeomst  [predme past-ine Sboonst  |Shoonsi  |pee-ing posti-nc Sboonst  |Sbcomst | Dofiset D cfised
o7 1T 27 37 47 57 &7 Lrs a7 a7 AT B7 o7 o7 ET F7

X 0% a4 ENY T -8y Y 8.+ 7,58 -4.5p RT3 8,5P 7.PC -a,rc 10X [0.5F|
S consat S const pre-ng paat-ing Sb const Sb const pre-ing [post-inc 5b const 5b const pre-nc [prost-ine Sb const 5b const O indirect D indirect
L+ ] 18 28 =] 48 8 -] 78 B kel Al B8 L= D3 E8 Fa

ax 8,5 8- HE— aY -8,¥ 8- 8,Y- a5pP —5.5P 8-5P a5P- 8.PC -4, RC ny nPC
Spoonatl  |Sboonst  |predec post-dec  |Sboonat |50 const  |predec post-dec  |sboonat  |5b conat  |predec post-dac  |Sboonst  |Sboonst  [9boonst |90 const
(] 19 29 39 45 58 L] ] 83 kel A B3 e D9 ED F3

a.x -5 T-x 7= Y =LY [ ) [ o 9.5P L i.-8F T.5P— a,Fc —.FC —n.¥ -n.PC
Sboonsl  |Sbooonat  |pre-dec postdec  |Sboonst  |5b oonst  |pre-dec pastdec  |Sboonat  |5b oonst  |pre-dee pastdec  |Sboomst  |Sboconst  |Sbconst |90 const
(A 1A ZA A 45 SA EA ™ Lo A LY BA CA DA EA FA

10X —&x 6% [ o 10.¥ -8Y 6,-¥ 6,¥— 10,59 —6.5P 65,—8F a85P- 10PC -&.PC nY npPo
Sbeomst  (Sbconst  |pre-dec postdec  |Sbconst  [Sbcomst  |pre-dec patdec  |Sbcoat |8 consl  |pre-dec poskdec  |Sboonstl  [Sb consl 16k consl | 160 const
(0B 18 28 k<) 48 58 [:] B 88 k=] AB B8 CB DB EB FB.

11X 5% 5% 52— 1M¥ —5¥ 5% 5¥— 11,59 -55P 5,80 58P 11PC 5P ) P
S conat Sbconatl |pre-dec post-dec |50 const Ebconst |pre-dec post-dec  |5b constl Sbeoonatl |pre-dec posl-dec  |5b const Sbconst | 16b indr 16 indr
oG 1€ 20 ) 4C ES 60 LS ES o« AC BC oc oC EC FC

125 4 4% 4% 12.¥ 4. 4,-Y 4Y- 12,50 —4.5F 4,59 4.5P- 12PC —4,PC ALY APC
Spcomat  [Sboomal  |pre-dec patdec  |Sbcomst |Sboomst  |pre-dec pstdec  [|Sboomsl  |Shoonat  |ore-den pestdec  |Sboonst  [Sboonst  AofEe A offset
GD D pial D 4D a0 &0 o 8D aD AD BD cD oo ED FD

13X —-3x 3.-x 3= 1Y =3, 3.-¥ 3,¥- 3,5P =335 3-5F 1sP- 13PC -3PC BY BPC
Sbconst  |Sboonst  |pre-dec postdec  [Sbeonst  (Sboonst  |pre-dec pstdec  |Sboonst  |Sboonst  |pre-dec pestaec  |Soconst  [Sboonsl  |B ot 8 offasl
(GE 1E ZE 3E 4E 3E GE. 7E 8E 3E AE BE CE DE EE FE

4% =-2X 2-xX 22X .Y =2Y 2-Y 2¥- 14,59 -25P 2-5P 25P- 14.PC —-2PC oY DFPC
Sbconsl  |Sboonat  |pre-dec postdec  |Sboonst  |Sboonst  |pre-dec postdec  [|Sboonst  |Sboonsl  |pre-dec postdec  [|Sboonst  |Sboonst D offset D alfsat
OF iF Fid AF 4F SF &F TF 8F aF AF BF CF DF EF FF

15X -1.5 1 X 15Y -1.¥ 1-Y 1.Y- 15,5P -1,5P 1-5FP 1,8P— 15,PC -1PC [oy] [DFC)
5k const 50 const  |pre-dec postdec - |Sb conat Shoonat  |pre-dec poskdec |50 consl Sboonat  |pre-dec postdec |50 consl |5 consil O indirect D indirect
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