CMSC 411  Final Exam    F20        name________________________________

                                                  userid ______________________

Open book, open notes, calculators should be used, not shared. 

Multiple choice, put  x  after  a)  b)  c)   that is your answer.
Answer all questions with exactly one choice (zero, two or more is automatically wrong)
Pick closest answer if none is exact. Comments are ignored. Work very carefully!
After edit, save and   submit cs411 final final33c.doc
Q1:   A clock has a frequency time of  2.9 GHz, the period  is
a) 0.35 ns
b) 0.35 ps
c) 3.45 ns
d) 3.45 ps
Q2:   What is the average CPI, Clocks Per Instruction, for the following data table
	R  format
	3 clocks
	40%

	J   format
	4 clocks
	40%

	M format
	3 clocks
	20%


a) 3.7
b) 3.9
c) 4.1
d) 4.3
Q3:   What is the speedup for a specific program if 40,000 instructions are improved by a factor of 5,  30,000 instructions are improved by a factor of 4, and 10,000 instructions are not improved?
a)    about  2.5
b)  about  3.0
c)  about  3.5
d)  about  4.0
Q4:   In the twos complement system, using 4 bit words, the sum
11002 + 01012  is
a)    00012 
b)  00102
c)    01002
d)    10012
Q5:   In the sign magnitude system, using 8 bit dividend, 4 bit divisor,
the 4 bit result quotient  of  000011112  / 11012  is
a)   10112
b)   11012
c)   00112
d)   01012 
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Q6:   When stalling in the project part2b, registers are clocked in stages   
a) IF and ID
b) ID and EX
c) EX and MEM and WB
d) MEM and WB
Q7:   Data forwarding in the project part2a for the  beq  instruction can forward
a) WB_result and MEM_addr
b)   WB_result
c)   MEM_addr
d)   None of the above
Q8:   Assuming you implemented full data forwarding for the project, is a stall needed for the instruction sequence: 
   lw   $3,4($5)
   lw   $5,4($3)
a) yes
b) no
Q9:   Assuming you implemented full data forwarding for the project, is data forwarding used for the instruction sequence: 
   cmpl  $4,$3
   add   $3,$4,$4
a) yes
b) no
Q10:   Assuming you implemented full data forwarding for the project, is a stall needed for the instruction sequence: 
   lw    $5,3($4)
   addi  $3,$4,100
a) yes
b) no
Q11:   Assuming you implemented full data forwarding for the project, will data forwarding be used by the instruction sequence
   add   $5,$3,$4 
   sw    $5,6($7)
a) yes
b) no
Q12:   In part2a, a control signal on the ALU forwarding may include VHDL 
a) ex17: entity WORK.equal5 port map(EX_IR(20 downto 16), MEM_RD, BFMA1);
b) ex19: entity WORK.equal6 (MEM_IR(31 downto 26), “100011”, BFMA3);
c) a)  and  b)
d) none of the above
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Q13:   The hazard detection and data forwarding did not cause any action for a register number of zero  in a RD  (Register Destination) because   
a) by programmer convention, register zero always has a value zero
b) register zero is fast enough to not cause a hazard or data forward 
c) by hardware design, register zero always has a value zero
Q14:   To get the best cache performance, assuming caches’s of the same size, the cache should be
a) direct mapped
b) two way set associative
c) fully associative 
d) eight way set associative
Q15:   A four way set associative cache has how many compare, “=”, circuits for tag comparison
a) 2
b) 4
c) 8
d) none of the above
Q16:   A cache with 64 total words and four words per block has how many bits of the address in the index field ?
a) 1
b) 2
c) 3
d) 4
Q17:   With large block sizes,  in a small cache, cache miss percentage may increase.
a) true
b) false
Q18:   The write back cache needs a “dirty bit”
a) true
b) false
Q19:   Two caches of the same size, with different number of words per block,
will have the same number of capacity misses.
a) true
b) false
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Q20:   In a computer with a simple CPU, L1 cache, L2 cache and RAM.

When an instruction is needed from the L1 cache, and there is a cache miss, then   

a) the L2 cache instructs the RAM to pass the instruction to the L1 cache
b) the L2 cache must get the instruction and pass the instruction to the L1 cache 
c) the RAM passes the instruction to the L1 cache 
d) the L2 cache gets the instruction from RAM and passes the instruction to the CPU
Q21:   When data is to be stored in memory, and a write back cache is used, then
a) the data is sent from the CPU to memory and is not placed in the cache
b) the data is placed in the cache and then later sent to memory from the cache when the cache block is needed for different data.
c) the data is sent from the CPU to both the cache and memory at about the same time
Q22:   Assume each cache miss causes a stall of 3 clocks in the pipeline, assume one instruction can be executed per clock, and ignore beginning and ending cases.
What is the speedup for a machine that has one miss per 6 instructions relative to a machine that has one miss per 4 instructions?    
a) about 1.15
b) about 1.17
c) about 1.2
d) about 2.0
Q23:    In order to design a component to connect to a bus, you must know
a) the number of connections to the bus
b) the bus protocol
c) the bus speed
d) the bus logic
Q24:   To transfer a 400,000 byte file there is a 6 millisecond latency and a 20,000,000 bytes per second throughput. What is the total time to transfer the file?
a) about   6 millisecond
b) about  15 millisecond
c) about  20 millisecond
d) about  30 millisecond
Q25:  A program takes 30 seconds of CPU time and 50 seconds of I/O time. The machine gets a new CPU that improves CPU time by a factor of 2, what is the speedup?
a) about  1.25
b) about  1.39
c) about  1.5
d) about  1.71
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Q26:   In VHDL we want to stall the PC and the instruction in the ID stage when the hazard detection unit sets  stall <= ‘1’.
The clock allowing the PC and ID stage to proceed is called ‘sclk’ and the system clock is called ‘clk’. The VHDL statement to compute ‘sclk’ for project part2b is
a) sclk <= clk or not stall;
b) sclk <= clk  and stall;
c) sclk <= clk  or stall;
d) sclk <= clk when not stall;
Q27:   In VHDL we want to shift the  beq  address two bits left in order to change a word address into a byte address called ‘byte_addr’,  a possible VHDL statement to do this, assuming the word address is named  ‘sign_ext’  is
a) byte_addr <=  sign_ext(31 downto 2)  &   “00”;
b) byte_addr <=  sign_ext(29 downto 0)  +    “00”;
c) byte_addr <=  sign_ext(29 downto 0)  &   “00”;
d) byte_addr <=  sign_ext(29 downto 2)  &   “00”;
Q28:   A multiprocessor is connected as a three dimensional array of processors.
Each processing element will have
a) 4 connections
b) 6 connections
c) 8 connections
d) n connections
Q29:   A multiprocessor is connected as an n-cube has 2048 processors. How many processors are directly connected to each processor?
a) 10
b) 11
c) 12
d) 2047
Q30:   What is the speedup, compared to a single processor, for a specific multiprocessor program that runs fully parallel for 40% of the time and fully serial the rest of the time with 10 processors. 
a) about 1.5
b) about 1.6
c) about 1.7
d) about 1.8
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Q31:   What is the speedup, compared to a single processor, for a specific multiprocessor program that uses all processors on 9x108 instructions,  one fourth of the processors on 0.9x108 instructions and fully serial on 0.1x108 instructions,  with 44 processors in the multiprocessor.
a) about  27
b) about  29
c) about  31
d) about  33

Q32:  The addresses of instructions and data that you see in a debugger on a conventional computer like  LINUX.GL.UMBC.EDU, used in Homework 3, are
a) physical addresses
b) relocated addresses
c) virtual addresses
d) real addresses
Q33:  A virtual memory system uses 8KB pages. All addresses are byte addresses. The virtual address is 36 bits. The physical address is 32 bits. How many bits are in the virtual page number?
a) 13
b) 16
c) 20
d) 21
e) 22
f) 23
g) 24
Q34:  A virtual memory system uses 4KB pages. All addresses are byte addresses. The virtual address is 35 bits. The physical address is 32 bits. How many bits are in the physical page number?
a) 12
b) 19
c) 20
d) 21
e) 22 
f) 23
g) 24
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Floating point numbers have a fraction, F, and an exponent, E.
We will use decimal numbers for the fraction, F and exponent, E for this exam. (computers use binary numbers.) 
A number has a value  V =  +/- F * 2^E .  e.g.  F=.5 and E=2 then V=2.0
We say a floating point number is normalized when  .5  F < 1.0 , thus the result
of a floating point computation must have F between .5 and 0.999.
Q35:   The decimal value, V, of the floating point number  -0.16x2-2  is
a) -0.8
b) -0.4
c) -0.2
d) -0.1
Q36:   The result of adding  .6x23  to  .9x22 is the normalized number
a)  .4x24
b)   1.05x23
c)  .5x24
d)  .6x24
Q37:   The result of subtracting  .6x22   from   .7x23 is the normalized number
a)  .8x22
b)  .4x23
c)  .8x23
d)  .8x21
Q38:   The result of multiplying  .6x212  times  .5x211 is the normalized number
a)  .3x223
b)  .6x222
c)  .6x223
d)  .6x224 
Q39:   The result of dividing  .6x29  by  .3x26 is the normalized number
a)  .5x25
b)  .5x24

c)  1.0x24
d)  2.0x23
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Q40:   The empty cache shown below has a total of 16 words, organized as 4 blocks of 4 words per block.  The row numbers are not part of the cache. Given a MIPS 32 bit address with the fields shown below, how many bits are in the TAG field?
a) 2
b) 26
c) 28
d) 30
Address:  
	 TAG 
	 INDEX
	WORD SELECT
	 BYTE 


Cache:  
	V
	TAG
	 W0  
	 W1
	 W2
	W3
	Row

	0
	
	
	
	
	
	0

	0
	
	
	
	
	
	1

	0
	
	
	
	
	
	2

	0
	
	
	
	
	
	3


Memory:
	ADDRESS
	
	84
	88
	92
	96
	100
	104
	108
	112
	116

	WORD CONTENTS
	
	C
	D
	E
	F
	G
	H
	I
	J
	K


Q41:   The contents of the memory word at location 9610  =  11000002  is needed by the CPU. The cache block needs to be
a)
	V
	TAG
	 W0  
	 W1
	 W2
	W3
	Row

	0
	
	
	
	
	
	0

	1
	1
	F
	G
	H
	I
	1

	0
	
	
	
	
	
	2

	0
	
	
	
	
	
	3


b)
	V
	TAG
	 W0  
	 W1
	 W2
	W3
	Row

	0
	
	
	
	
	
	0

	0
	
	
	
	
	
	1

	1
	1
	F              
	G
	H
	I
	2

	0
	
	
	
	
	
	3


c)
	V
	TAG
	 W0  
	 W1
	 W2
	W3
	Row

	0
	
	
	
	
	
	0

	0
	
	
	
	
	
	1

	0
	
	
	
	
	
	2

	1
	1
	F
	G
	H
	I
	3


d)  none of the above
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Q42:   Dividing a 64 bit number by a 32 bit number produces a quotient of
a)    16 bits
b)   24 bits
c)   32 bits
d)   64 bits 
Q43:   A typical 32 bit two’s complement adder, e.g. project, has
a)   two 32 bit inputs and a 32 bit output
b)   two 32 bit inputs, a carry input, and a 32 bit output
c)   two 32 bit inputs, a carry input, a carry output and a 32 bit output
d)   one 32 bit input,  a carry input, a carry output, and a 32 bit output
Q44:   The general registers in the MIPS architecture (also used in the project) ignoring
control signals
a) has two register addresses in and two data values out 
b) has three register addresses in, one data value in and three data values out 
c) has one 32-bit address in, one 32-bit value in, and one 32-bit value out
d) has three register addresses in, one data value in and two data values out
Q45:   The memory address, MEM_addr, in the MIPS architecture (also used in the project)
a) may be the memory address into the data memory
b) may be the result of arithmetic instructions
c) may be forwarded to the ID stage
d) all of the above
Q46:   The MIPS architecture, also used in the project, uses
a) a byte address for data
b) a byte address for instructions
c) a word address for the cache 
d) all of the above
Q47:   In project part2a, in which stage are the multiplexors to forward for the beq instruction?
a) IF
b) ID
c) EX
d) None of the above
Q48:   A hazard is detected in part2b,  in stage   
a) IF
b) ID
c) EX
d) MEM
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Q49:   A disk rotates at 4800 RPM and has a published average seek time of 8 milliseconds and an overhead of 4 millisecond.  The transfer rate is 40,000,000 bytes per second. How long does it take to read a file of 400,000 bytes. Assume book correction factor on seek time.
a) about  11 milliseconds
b) about  14 milliseconds
c) about  17 milliseconds
d) about  20 milliseconds
e) about  24 milliseconds
Q50:  A memory requires 1 cycle to get an address and word count from a bus. The memory access is 11 cycles to fetch four words. The next memory access begins immediately if more words are needed. The memory access overlaps the operation of putting data from the memory on a bus. The memory is four words wide, the bus is four words wide. The bus requires two idle cycles at the end of each transaction and these are included in the transaction time. How many cycles does a transaction take to transfer 16 words. Do not include the time to get the address and word count.
a) 39 or less
b) 40
c) 41
d) 42
e) 43
f) 44
g) 45
h) 46
i) 47
j) 48 or more
End of exam.
Check that all questions have exactly one answer! 
No project submittals or homework accepted after midnight December 12, 2020 
Homework and Projects that have been graded will not be graded again.
All parties related to any copying get the UMBC Academic Misconduct 
penalty on that project, homework, or exam. At least a zero for everyone involved.
Homework and Project scores will be posted on BlackBoard.
Please check and EMail any typo’s or missed submissions.
If any submissions not graded, submit another copy. 
Do not use BlackBoard Drop Box.
Final letter grades will be posted when computed.
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