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QUIZ #1 - SOLUTION 
Closed book except for distributed materials and one 3x5 card with handwritten, original notes.  
No calculators or google. All questions are assumed to refer to the ARM7TDMI microprocessor 
unless otherwise specified.  All work is to be your own - show your work for maximum partial 
credit. The number of points for each problem appears in ().The test has a total of 120 points.  
 
For all the questions on this page, select only the one best answer. 
(4) 1. Which type of software debug tool runs on a host computer using instructions that 
are compatible with the target computer?  

0. Simulator 
1. Resident monitor 
2. Remote debugger 
3. Native debugger 

 
(4) 2. In an assembly language file, how many bytes will be allocated by the statement 
the statement “Array  DCW 4, 8, 6, 7, 5”  
 0. four bytes 
 1. five bytes  
 2. ten bytes 
 3. twenty bytes 
 
(4) 3. In a little-endian system, if the value 0x7F3421 is stored as a 32-bit word starting at 
address 0x00000100, what is the value of the byte at address 0x00000102. 
 0. 0x00 
 1. 0x7F 
 2. 0xF7 
 3. 0x34 
 
 (4) 4. Which of the following is not a feature of the ARM7TDMI microprocessor? 
 0. Fast interrupt processing 
 1. 32-bit general purpose registers 
 2. 128KB data cache 
 3. 32-bit by 32-bit multiply instructions 
 
 (4) 5. What is the encoding for the ARM7 instruction ADDNE R0, R1, #129? 
 0. #0x128100F1 
 1. #0x12801081 
 2. #0x12810081 
 3. none of the above 
Note: See ADD instruction on page 43. cond = 0x1, I = 1, S = 0, Rn= 0x1, Rd = 
0x0, shifter operand = 0x081.  
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(4) 6. Why is memory allocated in the code area typically constant, whereas memory 
allocated in the data area is normally not? 
 
The memory in the code area is typically constant because the code should not 
need to be changed. Therefore, it is stored in non-volatile read-only memory.  
 
The memory in the code area is typically not constant because the data may 
need to be changed. Therefore, it is stored in volatile read-write memory.  
 
(6) 7. How many address bits are needed for a byte-wide memory of size 4Mbits? What is 
the size of this memory in KB?  
 
4Mbits = 0.5MB = 512KB.  
Since 512KB = 29 x 210 bytes = x 219 bytes, 19 address bits are needed.  
 
(6) 8. How do hidden registers differ from general purpose registers? Give an example of 
a hidden register in the ARM7TDMI.  
 
Hidden registers are registers that are not visible to the programmer. The 
address register is an example of a hidden register in the ARM7TDMI.  
 
(6) 9. What are two advantages that a Harvard Architecture has compared to a Von 
Neumann architecture? 
  

(1) In a Harvard Architecture, instructions and data memories can be 
accessed at the same time.  

(2) In a Harvard Architecture, instruction and data memories can be 
optimized separately.  

 
(6) 10. Write equations for the decode logic to generate the /CS and /OE signals for a 
256x8 ROM that starts at address 0x1200. Assume a 16-bit address bus (A15:0) and 
control signal \RD are provided. Only use A15:0 and \RD as inputs in your equations.  
 

\CS = A15 + A14 + A13 + \A12 + A11 + A10 + \A9 + A8 
 \OE = \CS + \RD 
 
(6) 11. For the ARM instructions shown below, identify the ARM operand addressing mode 
that is being used to obtain the rightmost source operand.  
 
 STRB  R0, [R1, R2]   Base register with register offset___ 
 

SUBLTS R3, R4, #1  Immediate_____________________ 
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(10) 12. A 12-bit byte-addressed memory space has a 128B RAM starting at address 
0xF00, and a 1KB ROM starting at address 0x200.  Draw and label the memory map. Give 
the starting and ending address of each region of memory and label unpopulated memory 
regions. 
 

0xFFF 

 

OxF80 

UNPOPULATED  

0xF7F 

 

0xF00 

RAM 
128B  

0xEFF 

 

0x600 

UNPOPULATED 

0x5FF 

 

0x200 

ROM 
1KB 

0x1FF 

 

0x000 

UNPOPULATED 

System Memory Map 
 
Note: 1K = 0x400 and 0x200 +0x400 = 0x600.  
Note: 128 = 0x080 and  0xF00 + 0x080 = 0xF80.  
 
(4) 13. In the ARM7TDMI microprocessor, all instructions must be word-aligned. What 
does this mean? 
This means that instructions must begin on a byte address that is a multiple of 
four, such that its two least significant bits are zero.  
 
(6) 14. Using ARM instructions with only register and immediate operands, write code that 
will efficiently place the value 0xFF000021 in R1. You cannot use any load instructions or 
load pseudo-instructions. 
 
 mov R1, #OxFF000000 ; can be encoded as an 8-bit rotated immediate 
 orr R1, #0x00000021 ;    
 
 
(6) 15. In the ARM7TDMI microprocessor, what makes FIQ mode faster than IRQ mode?  

(1) With FIQ mode, you don’t need to have a branch to process the interrupt, 
while in IRQ mode you do.  

(2) FIQ mode has its own set of R8-R12 general purpose registers, so these 
registers do not need to be saved before using them.  
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(20) 16. For each of the ARM code fragments, answer the accompanying question(s). 
Assume each fragment is executed independently with arbitrary register contents, but that 
overflow does not occur. You are to describe what the code does to the specified register 
or memory location, not what the individual instructions do.  
;Fragment #1 (6 points) 
 TST  R1, #7 
 BICEQS R1, R1, #7 
 MLA  R1, R1, R1, R1 
What value does R1 have after this code fragment? Express the result in terms of the 
original value of R1.  
 R1 <- R1 * R1 + R1 
Explanation: The TST instruction does a bitwise AND between R1 and #7. Thus, 
after this instruction the Z bit is only set if the three least significant bits of R1 
are all zero. The second instruction clears the 3 least significant bits if the Z bit 
is set (i.e., if the 3 least significant bits of R1 were originally zero). Thus, the 
first two instructions have no effect. The third instruction performs R1*R1 + R1 
and stores the result in R1.   
;Fragment #2 (6 points) 
 MOVS  R2, R2 
 MVNMI R2, R2 
 EORMI R2, R2, R2 
What value does this R2 have after this code fragment? Express the result in terms of the 
original value of R2.  
 R2 <- max(0, R2) 
Explanation: The first instruction sets the N bit if R2 is negative and the Z bit if 
R2 is zero. The second instruction stores the inverse of R2 in R2 if the N bit is 
set (i.e., if the original value of R2 was negative). The third instruction sets R2 
to zero if the N bit is set (i.e., if the original value of R2 was negative). Thus, if 
the original value of R2 is negative, then R2 becomes 0. Otherwise R2 gets its 
original value.   
;Fragment #3 (8 points) 
 STR  R3, [R1] 
 ADDS  R3, R3, R3 LSL #4 
 SWPEQ R3, R3, [R1]   
What values do R3 and [R1] have after this code fragment? Express the results in terms of 
the original value of R3.  
 [R1] <- R3 
 R3 <- 17*R3 
The first instruction takes the value in R3 and stores it in R1. The second 
instruction takes R3 shifts it left by 4 bits (i.e., multiplies R2 by 16) and adds 
the shifted value to R3. Thus, the second instruction sets R3 to 17*R3. It also 
sets the Z bit if the results put into R3 is zero. The third instruction swaps [R1] 
and R3, if the Z bit is set, but this bit is only set if the value in R3 was originally 
zero (which means R3 == 17*R13), so in all cases [R1]<-R3 and R3 <- 17*R3.  
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 (20) 17. Complete the program below so that it will find the largest and the smallest 
unsigned halfwords in the first 64KB of memory (address range 0x0000 0000 to 0x0000 
FFFF).  When your program completes, R1 should have the largest unsigned halfword and 
R2 should have the smallest unsigned halfword. 
 
You may NOT use any branch statements except those that are given. Assume execution 
will start at __main. Your program should execute past the BLO instruction and stall in the 
spin loop when it is complete. You should not use any load pseudo-instructions. Comment 
your code! 
 

 ARM     ;only use ARM instructions 
 AREA  FLASH, CODE, READONLY 
 
__main 
 MOV   R0, #0  ;initialize  
          LDRH    R1, [R0]              ; load first halfword into R1 
 LDRH    R2, [R0], #2        ; load second halfword into R2, point R0 to next halfword    
Main_loop 
         LDRH    R3, [R0] , #2       ; put current halfword into R3, point R0 to next halfword 
         CMP       R3, R1                ; compare current halfword to largest halfword so far 
         MOVHI   R1, R3                ; if current halfword is larger, replace largest halfword 
         CMP       R3, R2                ; compare current halfword to smallest halfword so far 
         MOVLO   R1, R3                ; if current halfword is smaller, replace smallest halfword 
 
 
 
 
 
 
 
 
 CMP R0, #0x10000  ;are we done yet?     
 BLO main_loop   ;if not done, go through loop again 
Spin      ;afterwards, code will stall here 
 B spin 
END 

 

 


