EECS 373 Prabtice Midterm / Homework #3
Winter 2015
Due February 19"
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NOTES:

e PUT YOU NAME/UNIQUENAME ON EVERY PAGE TO ENSURE CREDIT!
Can refer to the ARM Assembly Quick Ref. Guide and 1 page front/back cheat sheet
Can use a basic/scientific calculator (but not a phone, PDA, or computer)

Don’t spend too much time on any one problem.

You have 80 minutes for the exam.

The exam is 9 pages long, including the cover sheet.

Show your work and explain what you are doing. Partial credit w/o this is rare.
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1) Fill-in-the-blank or circle the best answer. [10 pts, all or no points for each question]

a) The ARM EABI specifies that registers @ - ¢  are caller-save.

b) The ARM Thumb-2 instruction set has 16-bit/ 32-bg67’ﬂ_37@ncodngs.

c) To generate 8 ns pulses, a PWM controller with a 50 MHz clock needs a q 0% duty cycle.

d) An ARM EABI-compliant procedure that calls another procedure should always /

sometimes/ never save and restore the 1r register.

% e) UART/ SP@pports flow control.

Q/U/'lRT SPI/I2C has built-in support for error checking by parity.

g) SPI bus transfers are asynchronous (@d edicated chip select lines

addresses embedded in frames.

h) In the Verilog hardware description language, an @ ( pogedae ¢cloca ) block

would be used when implementing a flip-flop.

i) If multiple devices share a single interrupt line and generate interrupts at the same rate,

then processor workload remains constant / grows lineg@ z grows Zuadraticall% @ h

the number of devices.

j) By default, uninitialized global variables go in the .text/ .dat@tion.
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2) Hardware Design.

spts 1
Imagine an arm with 3 positions: 0, 1, and 2. A motor controls
this arm. The motor can be driven forward by asserting 0
MOTOR_FWD and in reverse by asserting MOTOR_REV. It is an
error to assert both signals.

The arm position is measured by an encoder that reports current
arm position as an 8-bit value. Mechanical stops prevent the arm
from going past 0 to the left or 255 to the right. The positions are
at encoder values 20, 127, and 235. You may assume that the arm has no inertia, that is, if neither
MOTOR_FWD nor MOTOR_REV are asserted, the ARM_POSITION will not change.

Write a hardware module to control this arm. Your module should move the arm to the
TARGET_POSITION only when the MOVE_REQ signal is asserted. POSITION will not change
while MOVE_REQ is high. Your module should assert MOVE_DONE when the arm is in the desired
position. It should then wait until MOVE_REQ is de-asserted and de-assert MOVE_DONE in
response. MOVE_REQ will not re-assert until MOVE_DONE is de-asserted.

module arm_control (

input CLOCK, N
a.—\wu&s e (Wm C_LQ(_\L\ \0“'\5\“
// control interface ASTOR - EOD <= ek Fud ),
input [1:0] TARGET_POSITION, , o MR _ REY € = ok REV 'y
input MOVE_REQ, sk syrehAltSy,  WoUE - ©SNE €2 pesk DomE -
output MOVE_DONE R L
’ DNE sighal 40 ead \ Z= v . =
// arm interface >R \
input [7:0] ARM_POSITION (rador eanhes\ Qﬂkma&o < .
output MOTOR_FWD, e\t \ee eamigineiaant \

4

output MOTOR_REV

“define POS_0 8'd20
“define POS_1 8'd127

N
“define POS_2 8'd235 Rowric (509)
req MOVE _DNE | MIDR - Fud , Mo _2EV
ech Tt gf roy nect _powE | ek - FUD, werk - VeV

=\ el et o\ ’f}
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end
- Sa™me - - -
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3) Memory-Mapped 1/O. ptst ZO v,

" Using only basic circuit elements (e.g. AND and OR gates), sketch the glue logic required to

interface the arm control module from Question 2 to the APB. Recall, the PSEL line is the

; peripheral select (i.e. it goes high when the processor is addressing the arm). The POSITION
w &% < will be attached to data bits [1:0]. You should be able to change the arm position by writing to

Lo

PseL

memory and read the current value by reading. A memory write should not return until the move

‘\ is complete. The APB signals are: PCLK, PADDR, PWRITE, PSEL, PENABLE, PWDATA,

PRDATA, and PREADY.
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s
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SPer —— v

! Ract
b Rl eughs taed —

-2 [ ewar

Sketch a timing diagram of an APB transaction that moves the arm from position 1 to position 2.

Assume the arm peripheral is at address 9x20000080. You only need to fill in relevant signals.
o) 1 y A 2 C 1 [ % ('S

PCLK - (\vklea\
[\ 1,”)} Rubec Aterjes.
PADDR -------= -~ 0+200000%0c &) = .
< ’P / DI‘ - ® eoewe 47
i g i Al “)
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4) ARM Assembly@mguage. \O ¢X=s

Encoding T1 ARMvV7-M
MOVT<c> <Rd>, #<imm16>

[1514131211109 8 7 6 5 4 3 2 1 0[1514131211109 8 7 6 5 4 3 2 1 0|
[ 1 1ofi[1 oft]1]oJo] imm4 JO] imm3 | Rd | imm8 |

d = UInt(Rd); imm16 = immd:i:imm3:imm8;
if d IN {13,15} then UNPREDICTABLE;
Encoding T1 All versions of the Thumb instruction set. Encoding T1
MOVS <Rd>, #<imm8>
MOV<c> <Rd>,#<imm8>

All versions of the Thumb instruction set.
Qutside 1T block. STR<c> <Rt>, [<Rn>, <Rm>]

Inside IT block.

1514131211109 8 7 6 54 3 2 1 0
[1514131211109 8 7 6 5 4 3 2 1 0| 0701J000] Rm | Rn | R
jo o 1Jo o] Rd | imm8 |

t = UInt(Rt); n = UInt(Rn); m = UInt(Rm);

index = TRUE; add = TRUE; wback = FALSE;
d = UInt(Rd); setflags = !InITBlock(); imm32 = ZeroExtend(imm8, 32); carry = APSR.C; (shift_t, shift_n) = (SRType_LSL, @);

o\ oo \“1_0 oo
a) What does the instruction @x5088 do when executed?

Sirgre—tnevidin—ak—NEMWBRA+R2Y

Wrike the valve ob magler R$ o e addess RL+RA

\(F \p¥
b) Fill in machine code in hex around ©x5088 such that the arm peripheral from the
previous question moves to position 1 when the instructions are executed.

Dste

OxaAXN00 NS | Q2 L#0 = orde¢ (i) denn

vzx‘w:.\\tktﬂi i:_%‘?w;.; at Iy ’
OxA\gO MoYS | o4 | & OxE0 - Coun g\\i’ i ot € T
O+€3.30100 MOVT R4, 0x2000030s
Ox200\ wovs R #1L  oo\vo0AAAN_
A\ 09 QqQ 0800 300
Ox5088 Q\}\Q&‘“n&

W REASERRTERTHR

<ok D ol
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5) Assembly, C, and the ABL JoT 'S ¢'s

Recall the arm peripheral is at address 0x20000010 and encodes the arm position in the bottom two data bits

a.) Write a C function, bool check_move(int change), that takes a move and returns 1 if
g p‘\ S it is a possible move and 0 if the move cannot be made. The change argument describes
the change of arm position, e.g. change “2” would move an arm from position 0 to

position 0+2 = 2 and change “-1” would return an error if the arm were in position 0. This
function should not move the arm.

bos\ el mo (w\‘L dﬁan%\ 2

J Bt carcrent = w( (3.t 2N astu»so\
T8 (Comrek vonange) > 2
£ ((C»U«tvé v cbewge) 220)
rehom D
oo 1

S

A Tor castecd cead
Bave ThNGO aa & (e w0S

b.) Write an assembly function int move_arm(unsigned steps, bool reverse) that
10 ?\“g moves the arm peripheral the requested number of steps forward or backward. Your
function must call the check_move() function from (a) to verify if the requested move is
valid before attempting to move the arm. move_arm() should return the current arm
position, regardless of whether the arm moved or not.
The assembly code should assemble without errors. Write clearly and comment the code.
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\0{)‘(& 6) Writea C funcé.bn void enable_interrupts(int x) that enables interrupt x. You need
not check to validate that x is a legal interrupt number. The table below might be useful.

Table 6-1 NVIC registers

Address Name Type Reset Description

OxEQQOEDD4 ICTR RO - Interrupt Controller Tipe Register. ICTR
OxE0VQE100 - NVIC_ISERO- RW @x00000000 Interrupt Set-Enable Registers
OxE00QELLC NVIC_ISER7

OxEOQE1L80 - NVIC_ICERO- RW @x00000000 Interrupt Clear-Enable Registers
QEQOOXE19C NVIC_ICER7

OxEDQOE200 - NVIC_ISPRO- RW 0x00000000  Interrupt Set-Pending Registers
@xE000E21C NVIC_ISPR7

OxEQQOE280 - NVIC_ICPRO- RW @x00000000 Interrupt Clear-Pending Registers
OxEQOOE29C NVIC_ICPR7

OxEBQOE300 - NVIC_IABRO- RO 0x00000000 Interrupt Active Bit Register
OxEQ0BE31C NVIC_IABR7

OxE0VQE40D - NVIC_IPRO - RW 0x00000000 Interrupt Prionty Register

@xEBROE4EC NVIC_IPR59

void enable_interrupts(int x) {

O WMi32_t ¥ lase = (Gnk3L-t») OxEDoOCI®, & Lgs For MNTO syl

onSlaned: W% = ¥ »2S .
UM"%M& k“k = g o“\‘Q 3
vmtldl _t moett - \ << \.s\k) !

* (oase ¥Ax) = mas\e,
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VS ¥ 7) Startup and Interrupts.

In addition to the motor, the system has two buttons. Button0 is wired to Interrupt 7 and Buttonl
is wired to Interrupt 8. Whenever Button0 is pressed, the arm should move left (decrement
position). If Button1 is pressed, the arm should move right (increment position).

Using the functions from Questions 5 and 6, write any remaining code required such that the arm
goes to position 1 when the system powers on and the buttons behave as intended.

S/ veckoe lde

e STRCK TP Qo vane
U, Werd esek _Qn ] fc{”wﬂ&*"
i - W B R -
2 o wosth | rehet L .
3 Lo\ | reser £ L~ B Yoo vedse hilde
« o Lressp | (NRes) \ QX For Skuele ¥Bp
: ‘”":‘; i | 2ok ek Nawdlel
: :"“J‘ iﬁf\:‘”% “; 2"(’* kR ( wak % \i’\&,wﬁx\ﬁ‘(‘
* soerth 1V\cr_~€\~ ';l }
J =\ o pet W wnBl €t<at "
) '\Q Wga@f&‘gt
vsd resek-fa (wad )
.;

encile —wrwenyds (),
ened\e - wdeempls ()

e (V) 4 | So% Fue e Bnetiown
~—ane (T ‘)“\)} / 2 s R M\:\Mﬁ akectepht
i \ 2o fac w\e ‘e
\ i) . \
S for oNeer Vourd s TCRGA 1dee

//: {
o Vob fue e

VA wero A () i (06 oter non-—owmy Lt dee
Mmove _aew (V| O z

i
-S /' 5 OL\S Soc cﬂu(;("s Needlect,

Vvatld dece- L0 E \ \‘\\ ZP\{, / Nowdle ¢
wove — w1\ W

’x ) ,/ \e)r N o B AAONT — ¢ T ceA\s

Practice Midterin / HW3 8/9



"
(VA

1

Name: \'\/ €4 — unigname:
8) Logic Design Igg pts|.

The motor controller actually requires a PWM signal to operate. Given a 50% duty cycle, the
motor will not move. At 70% it will drive forward, and at 30% it will drive in reverse. Design a
digital circuit with inputs MOTOR_FWD and MOTOR_REV that takes the system clock of

100 MHz (CLKIN) and converts it to an output clock of 5 MHz with a 30, 50, or 70% duty cycle
(MOTOR_CLK). You may use synchronously resettable D flip-flops and n-bit binary counters
(make sure to specify the value of n). You may express combinational logic as Boolean
expressions or using standard logic gates. You may assume that MOTOR_FWD and
MOTOR_REV will never assert at the same time. Label things and write neatly.
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# This is my l3-instruction answer to Qbb. I don't have a shorter solution.

#

# The tricks I used:

# - Use a PC-relative load. The code will be the same size, but execute one

# fewer instruction than a MOVW/MOVT pair.

# - Optimizing for _instruction_ count, not _cycle_ count. That means that

# pushing/popping multiple registers is free

# - A few key properties:

# ~-- Both success and error path must return current arm position

# ~- Want to end up with position in r0, but r0 also holds check_fn return
# -- LDR instructions don't change the condition flags

# -~ A write to the arm position MMIO register will succeed

# So, the code calls check_fn{() and sets the condition flags based on the

i result. It then gets the current arm position into r0. Then it actually

¥ uses the condition result to optionally update the arm postion in r0 and
# write that to the arm. Notice that the final arm position ends up in r0

# through both the success and error path.

move_arm:

addr:

<

push {r4, r5, 1lr}

cmp rl, 1

it eq

negeq r0

movs 5, 0

bl check_f£fn
cmp r0, 1

ldr r4, addr
ldr r0, (x4, 0]
ite eq

addseqg 0, x5
streq r0, [r4, 0]

Pop {r4, r5, pc}
.word 0x20000080






