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Homework #1:  Solutions 
 

Read Patt and Patel chapters 4 through 5 (PP.4 – PP.5). Complete the following 
questions from the text. Save your answers in PDF format and submit them via Canvas.  
 
Questions: 4.1, 4.3, 4.4, 4.5, 4.6, 4.7, 4.16 
 
4.1 Components of the Von Neumann Model: 
(a) Memory: Storage of information (data/program) 
(b) Processing Unit: Computation/Processing of Information 
(c) Input: Means of getting information into the computer. e.g. keyboard, mouse 
(d) Output: Means of getting information out of the computer. e.g. printer, monitor 
(e) Control Unit: Makes sure that all the other parts perform their tasks correctly and at 
the correct time. 
 
 
4.3 The program counter does not maintain a count of any sort. The value stored in the program 
counter is the address of the next instruction to be processed. Hence the name 'Instruction 
Pointer' is more appropriate for it. 
 
4.4 The size of the quantities normally processed by the ALU is referred to as the word length of 
the computer. The word length does not affect what a computer can compute. A computer with 
a smaller word length can do the same computation as one with a larger word length; but it will 
take more time. 
 
For example (roughly speaking), to add two 64 bit numbers, 
word length = 16 takes 4 adds. 
word length = 32 takes 2 adds. 
word length = 64 takes 1 add. 
 
4.5 (a)  
Location 3 contains 0000 0000 0000 0000 
Location 6 contains 1111 1110 1101 0011 
 
(b) i. Two's Complement  
 
Location 0: 0001 1110 0100 0011 = 7747 
Location 1: 1111 0000 0010 0101 = -4059 
 
ii. ASCII - Location 4: 0000 0000 0110 0101 = 101 = 'e' 
 
iii. Floating Point - 
Locations 6 and 7: 0000 0110 1101 1001 1111 1110 1101 0011 
Number represented is 1.10110011111111011010011 x 2^-114 
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iv. Unsigned  
Location 0: 0001 1110 0100 0011 = 7747 
Location 1: 1111 0000 0010 0101 = 61477 
 
(c) Instruction - Location 0: 0001 1110 0100 0011 = Add R7 R1 R3 
 
(d) Memory Address - Location 5: 0000 0000 0000 0110 Refers to location 6. Value stored in 
location 6 is 1111 1110 1101 0011 
 
4.6  
The two components of and instruction are: 
Opcode: what the instruction does. 
Operands: the values on which the instruction operates. 
 
4.7  
60 opcodes = 6 bits 
32 registers = 5 bits 
So number of bits required for IMM = 32 - 6 - 5 - 5 = 16 
Since IMM is a 2's complement value, its range is -2^15 ... (2^15 -1) = -32768 .. 32767. 
 
4.16  
(a) 1=(2 *10^-9) = 5 * 10^8 machine cycles per second. 
(b) 5 * 10/8=8 = 6:25 * 10^7 instructions per second. 
(c) It should be noted that once the first instruction reaches the last phase of the instruction, an 
instruction will be completed every cycle. So, except for this initial delay (known as latency), one 
instruction will be completed each machine cycle (assuming that there are no breaks in the 
sequential flow). If we ignore the latency, the number of instructions that will be executed each 
second is same as the number of machine cycles in a second = 5 * 10^8. 
 

 
Questions: 5.1, 5.2, 5.5, 5.7, 5.11, 5.16, 5.23, 5.33, 5.38 
 
5.1  
(a) ADD 
- operate 
- register addressing for destination and source 1 
- register or immediate addressing for source 2 
(b) JMP 
- control 
- register addressing 
(c) LEA 
- data movement 
- immediate addressing 
(d) NOT 
- operate 
- register addressing 
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5.2 The MDR is 64 bits. The statement does not tell anything about the size of the MAR. 
 

 
5.5  
(a) Addressing mode: mechanism for specifying where an operand is located. 
(b) An instruction’s operands are located as an immediate value, in a register, or in memory. 
(c) The 5 are: immediate, register, direct memory address, indirect memory address, base 
+ offset address. An immediate operand is located in the instruction. A register operand 
is located in a register (R0 - R7). A direct memory address, indirect memory address 
and base + offset address all refer to operands locate in memory. 
(d) Add R2, R0, R1 => register addressing mode. 
 
 
5.7 01111 (decimal 15) 
 
5.11 No. We cannot do it in a single instruction as the smallest representable integer with the 5 
bits available for the immediate field in the ADD instruction is -16. However this could be done 
in two instructions. 
 
5.16  
(a) PC-relative mode 
(b) Indirect Mode 
(c) Base+offset mode 
 
 
5.23  
x30ff 1110 0010 0000 0001  (LEA R1, #1) R1 <- 0x3101 
x3100 0110 010 001 00 0010 (LDR R2, R1, #2) R2 <- 0x1482 
x3101 1111 0000 0010 0101  (TRAP 0x25) 
x3102 0001 0100 0100 0001 
x3103 0001 0100 1000 0010 
 
5.33 It can be inferred that R5 has exactly 5 of the lower 8 bits = 1. 
 
 
5.38  
Memory, MDR,MAR, IR, Reg File, the SEXT unit connected to IR[5:0], ADDR2MUX is set to 0, 
ADDR1MUX is set to SR1 out, alongwith the ADDER they connect to, and MAXMUX 
and GateMARMUX implement the LDR instruction, alongwith NZP and the logic which 
goes with it. 


