
 Page 1 of 2 

Homework #4  
 

Read PP.8 – PP.9. Complete the following questions from the text. Save your answers 
in PDF format and submit them via Canvas. (Please comment your code.) 
 
Questions: 8.1, 8.4, 8.5, 8.6, 8.10, 8.16(Hint: What ASCII string does it output?) 
 
8.1 (a) A device register is a register (or memory location) that is used for data transfer 
to/from an input/output device. It provides a means of communication between the 
processor and the input/output device. The processor can poll this register to find out 
whether it has received an input or it can send an output from/to the specific device that 
the device register belongs to. In memory mapped I/O device registers are dedicated 
memory locations for each I/O device. There may be more than one device register 
(dedicated memory location) for one device. 
 
(b) A device data register is a device register (a dedicated memory location in 
memorymapped I/O) that holds the data that is to be input/output. 
 
(c) A device status register is a device register (a dedicated memory location in 
memorymapped I/O) that indicates the status of the input/output. It allows for the 
processor to know whether or not input/output of the value in the device data register 
has occurred. Basically it is an important step to achieve synchronization in an 
asynchronous I/O system. 
 
 
8.4 (a) The interaction between a remote control and a television is synchronous. The 
television samples at specific intervals to see if a key on the remote control has been 
pressed. No synchronization is needed in this transaction. 
 
(b) The interaction between the mail delivery person and you is asynchronous. Neither 
do you check your mail at regular intervals, nor does the mail delivery person come at 
the same time everyday. Instead you use the mailbox as a synchronization mechanism 
(much like the .Ready bit.). Some mailboxes are located at the street, rather than at the 
door. They usually come equipped with a flag that the mail delivery person lifts when 
depositing mail, and you lower when removing mail. The flag is very much a ready bit. 
 
(c) The interaction between a mouse and the PC is synchronous. The PC samples 
mouse movements at specific intervals. At each interval, the direction and speed of the 
mouse is read by the PC. No synchronization is needed in this interaction. 
 
 
8.5 Bit [15] of the KBSR is the ready bit. This is used as the synchronization mechanism 
to let the processor know that input has occurred. If KBSR[15] is 0, no key has been 
struck and the value in KBDR is not valid. If KBSR[15] is 1, the value in KBDR is the 
ASCII code corresponding to the last key struck. 
 
8.6 If KBSR[15] is 0, the data contained in the KBDR has already been read. The 
program would read the same character again. 
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8.10 The display device is an output device and can hence not write to the DDR. 
 
 
8.16 This program outputs ABCDEFGHI. 
 

 
Questions: 9.1, 9.2, 9.4, 9.13, 9.18 
 
9.1 The most important advantage of doing I/O through a trap routine is the fact that it is 
not necessary for the programmer to know the gory low-level details of the specific  
hardware's input/output mechanism. These details include: 
 
- the hardware data registers for the input and output devices 
- the hardware status registers for the input and output devices 
- the asynchronous nature of the input relative to the executing program 
 
Besides, these details may change from computer to computer. The programmer would 
have to know these details for the computer she's working on in order to be able to do 
input/output. Using a trap routine requires no hardware-specific knowledge on part of the 
programmer and saves time. 
 
9.2 (a) The trap vector is 8 bits wide. 256 trap routines can be implemented in the LC-3. 
 
(b) After the TRAP routine is executed, program control must be passed back to the 
code that called the TRAP instruction. This is done by copying the value in R7 into the 
PC. The RET instruction provides this functionality. BRnzp does not restore the PC. 
 
(c) 1 
 
9.4  
(a) 1111000000100001 (xf021) 
(b) x0430 
(c) x0437 
(d) Hookem Horns …  
 
 
9.13 The linkage (way back) for JSR A is destroyed when JSR B is executed. 
 
9.18  
(a) ADD R1, R1, #1 
(b) TRAP x25 
(c) ADD R0, R0, #5 
(d) BRzp K 


