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Administrative Stuff

4 Homework #3 is due Friday, 3/7
# What Should I have already read?

= Ch. 5 of text

= ARM7TDMI Technical Ref Man. Ch. 2

= Supplement #1

= ARM Instruction Reference Manual (Morrow)
4 What Should I be reading?

= Text Chapter 6

Topics

" ®Subroutines
= Subroutine Call and Return
= Parameter Passing
= Stack Frames
#ARM7 Programming Exercises
= Numeric conversions
= Multi-precision arithmetic operations
= Search?
= Sort?

Subroutines

"# So, why do we use them?
# Calling a subroutine MOV LR, PC

= BL / BX Rx
= BX
# Context save and restore

= There are two basic ways to organize context
save/restore
+ Make it the caller’s responsibility
+ Make it the subroutine’s responsibility
= Compilers may use a hybrid approach for better
efficiency
= Course documentation standards




Returning from a Subroutine

‘®Returning from a subroutine

= The return address is stored in the link
register (R14, aka LR) — returning from the
subroutine means that we have to branch to
that address
+MOV PC, LR
= Direct move, discouraged by ARM
+BX LR
= Indirect branch using R14
+STM / LDM
= Very compact context save/restore/return mechanism

Load/Store Multiple (context saving)

/Q Great at beginning/end of subroutines for
saving/restoring context.
= Call subroutine with:
+ BL <label>

= First instruction in subroutine saves context
+ STMFD R13!, {RO, R2-R4, LR}

= Last instruction uses LDM to restore context and
return
+ LDMFD R13!, {RO, R2-R4, PC}

FD => DB on push & IA on pop

Testing and Debugging Subroutines

‘#®Software modularity permits us to do

modular testing, so we know that the pieces

work before we combine them
= Define software interfaces first
= Use stub subroutines to test code that calls
them before subroutines are completed
= Use dlriver programs to exercise and test
subroutines in isolation
+ Verify caller context and stack not corrupted
+ Use adequate test vectors (not just correct values!)
= Integrate modules and test the system

Parameter Passing

‘#Register Passing

= Parameters are stored in registers
#Memory Passing

= Parameters are stored in memory
#Pointer Parameters

= By using pointer parameters, we can pass-
by-reference an operand of any size
+ Commonly used for arrays and data structures
+ Data format must be known by caller and callee

= Exercise




Parameter Passing

‘®Stack Passing

= Parameters are pushed on the stack before
the subroutine is called

+ Stack must be restored after the subroutine
returns

= Each instance of a subroutine therefore gets
its own copy of parameters

= The stack can also be used as storage for
local variables as well as parameters

+ These two attributes are very useful in writing
reentrant subroutines

Parameter Passing

‘®Using a stack frame

» A stack frameis a construct that we use to
manage access to parameters that have been
placed on the stack and to allocate and use
local variables that are created in stack space

» A frame pointeris used to hold a constant
reference to the stack frame
+ ARM designated R11 as the frame pointer

Using a Stack Frame

‘@ Methodology Example

1) Caller pushes parameters on stack

2 Caller executes some form of BL to routine

3  Routine pushes context as well as FP (R11) & LR
4  Routine sets: FP € SP

5y Routine allocates any local variable space needed:
1) SP € SP - (Words<<2)

6)  Routine will execute, referencing parameters and
local space relative to FP.

7  Routine de-allocates local: SP€SP+(words<<2)
) Routine returns: POP {Rx-Ry,FP,PC}
9) Caller de-allocates parameters: SP€SP+(#par<<2)

Numeric Conversions I

®BCD to Binary Conversion

= We have a convenient relationship between bit
groupings and values

= BCD is either packed or unpacked

+ Unpacked BCD means that there is just one BCD
digit per word, regardless of word size

+ In packed BCD, every 4 bits specify a BCD digit
#Exercise
= Write a subroutine bcd2bin to convert the

packed BCD value in R1 to its equivalent binary
2] valuein RO. Assume R1 is valid packed BCD.




Numeric Conversions II

# ASCII Hexadecimal to Binary Conversion

= Have to account for all digits, 0-9 and A-F (a-f)

= Convenient relationship between digits and bits
# ASCII Decimal to Binary Conversion

= No convenient relationship between digits and bits
# Exercise

= Write a subroutine struprto convert all lower case

letters in the ASCIIZ string pointed to by R1 to
upper case.

= Write a subroutine hex2bin that will convert the

hexadecimal ASCIIZ string pointed to by R1 to a
value in RO.

Numeric Conversions III

@Binary to ASCII Hexadecimal Conversion
= Convenient relationship between bit groupings
and ASCII digits
#Binary to ASCII Decimal Conversion
= No convenient relationship between bit
groupings and digits

= Two methods for determining the ASCII digit
values
+ Division/modulus
+ Repeated subtraction

Multi-Precision Arithmetic I

#Although the ARM is limited to 32-bit
addition, we can write code to perform
addition of much longer numbers

#Exercise

= Write a subroutine add256 to add two 256
bit numbers (assume little-endian)

= Assume that pointers to the numbers are
passed in using R1 and R2, and the result is
to be stored in memory at the location
pointed to by RO

Multi-Precision Arithmetic II

#Write a subroutine mul64 to do an
unsigned 64-bit multiplication with a 64-
bit result

#Operands are to be passed using a

standard stack frame, ensuring that they

are in little-endian form in memory when
they are on the stack

#Any temporary storage must be allocated
on the stack. (Do not use registers)

#Return the result in R1:R0




Sorting and Searching

#Write a subroutine bsort that implements
a bubble sort on an array of bytes. The
address of the array should be passed in
RO, with the length of the array in R1.

#Write a subroutine bsearch that
implements a binary search on a sorted
array of bytes. The address of the array
should be passed in RO, the array length
in R1, and the search target in R2.

= Return in RO the address where the target is
located, or -1 if the target is not found.

Wrapping Up
@Pre-quiz #4 due by Friday class time.
#Next we start delving into
microprocessor system hardware — this
is usually uncharted territory for most
students, so read and ask questions
#Reading for next week
= Textbook 7.1-7.4
= ADUC 51-52, 60-61, 84-85
= Supplement #2 (available in Learn)

Pointer Parameter Exercise

Define a variable length data structure

where the first word is the number of

words of data that follow (could be 0).

ii. Write a subroutine CountNZ that finds
the number of nonzero data elements in
the array.

iii. Assume that the starting address of the

data structure is passed in R1.

iv. Return the result in RO.

Stack Frame Example

Write code for a main program that uses a
stack frame to call a procedure Update -
parameter words X=1 ,Y=2, data=3 are to be
pushed in that order.

e Draw a word-wide stack diagram, indicating the
objects placed on it by the caller.

e Write a stub Update procedure - assume the
procedure must use 2 words of local variables
Set up the stack frame,
Load the 3 passed parameters into RO,
Store RO into the 2 local variable words,
Clean up the stack frame, and
Return.

e  Update the stack diagram, indicating how it is
L | | used/allocated by the procedure.




'BL Instruction Reference
I Syntax

= BL{<cond>} <target_address>
#RTL

= if (cond is true)
+ R14 € next instruction address
+ PC €« PC + offset
# Flags are not affected

signed_immediate_24
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BX Instruction Reference
I Syntax

= BX{<cond>} <Rm>
#RTL
= if (cond is true)
+ T flag € Rm[0]
+ PC ¢ Rm & OxFFFFFFFE
4 Flags are not affected
4 In ARM v5 and higher, there is also a BLX instruction
EPEEFEEFEEEEEEEEEFEEEEE P EE R

| cond [o]o]o[1]o]o[1]o] sBo | seo | seo [olofo[t] Rm |

</

I Syntax

#RTL
= if (cond is true)
+ Rd € Rn + (Rs ¢ Rm)
4 Flags (if S used)
= N, Z (Cis unpredictable)

</

'MLA Instruction Reference

= MLA{<cond>}{S} <Rd >, <Rm>, <Rs>, <Rn>




