1. Briefly define each of following: 
A. Arithmetic and logic unit (ALU) is a combinational digital circuit that performs arithmetic and bitwise operations on integer binary numbers
B. chip is an integrated circuit or small wafer of semiconductor material embedded with integrated circuitry
C. computer architecture is a set of rules and methods that describe the functionality, organization, and implementation of computer systems
D. computer organization is concerned with the structure and behaviour of a computer system as seen by the user. It acts as the interface between hardware and software
E. A core is a computer brains that receives instructions, and performs calculations, or operations, to satisfy those instructions
F.           deeply embedded system are single-purpose devices that detect something in the environment, perform a basic level of processing, and then do something with the results
G. instruction set architecture (ISA) Is part of the abstract model of a computer that defines how the CPU is controlled by the software
H. memory management unit (MMU) is a computer hardware component that handles all memory and caching operations associated with the processor
I.          Amdahl’s law is a formula which gives the theoretical speedup in latency of the execution of a task at fixed workload that can be expected of a system whose resources are improved

J.           cycles per instruction (CPI) is one aspect of a processor's performance: the average number of clock cycles per instruction for a program or program fragment.


K.   instruction execution rate is a common measure of performance for a processor is the rate at which instructions are executed
L.          SPEC is a vendor consortium that selects and standardizes benchmark programs submitted by members or others, for the purpose of rating and comparing the performance of processors.
M. access time is total time it takes a computer to request data, and then that request to be met.
N. addressable unit is a special type of computer memory used in certain very-high-speed searching applications
O. cache memory are memories that temporarily stores frequently used instructions and data for quicker processing by the central processing unit (CPU) of a computer
P.        memory hierarchy is an enhancement to organize the memory such that it can minimize the access time
Q. transfer rate is a standard metric that is used to measure the speed at which data or information travels from one location to another


2.  What, in general terms, is the distinction between computer organization and computer architecture?  
Computer architecture refers to those attributes of a system visible to a programmer or, put another way, those attributes that have a direct impact on the logical execution of a program. Computer organization refers to the operational units and their interconnections that realize the architectural specifications


3. What are the four main functions of a computer? 
Data input.
Data processing.
Information output.
Data and information storage

4. Explain the concept of performance balance. 
This paper proposes the concept of performance balancing, and reports its performance impact on a Chip multiprocessor (CMP). Integrating multiple processor cores into a single chip, or CMPs, can achieve higher peak performance by means of exploiting thread level parallelism  

5. List the desirable characteristics of a benchmark program. 
1. unambiguous
2. investable

6.  What are the SPEC benchmarks?  
They are maintained by the Standard Performance Evaluation Corporation (SPEC). SPECint is the integer performance testing component of the SPEC test suite.
7. What types of transfers must a computer’s interconnection structure (e.g., bus)  support?  
Memory to processor.
Processor to Memory.
I/O to processor.
Processor to I/O.
I/O to and from memory



8. List and briefly define the PCIe protocol layers
Physical: Consists of the actual wires carrying the signals, as well as circuitry and logic to support ancillary features required in the transmission and reception of the 1s and 0s. Data link: responsible for reliable transmission and flow control  
9. What is the key distinguishing feature of a microprocessor?  
its integrated nature -- the way it combines several different circuits into a single package



10
a.  Yes, regardless of what the disk drive is used for. The software (firmware, actually) within the disk drive controls the HDA (head disk assembly) hardware and is hard real-time as well
b. Yes, the firmware in the cell phone is controlling the radio hardware.
c. Are the computers in a big phased-array radar considered embedded? These radarsare 10-story buildings with one to three 100-foot diameter radiating patches on thesloped sides of the building


10. There are two basic types of reference locality – temporal and spatial locality. Temporal locality refers to the reuse of specific data and/or resources within a relatively small time duration. Spatial locality (also termed data locality) refers to the use of data elements within relatively close storage locations.







12. 
a. speedup =( time to access in main memory )/(time to acess in cache= T2/TI
b. T=H*T1+(1-H) *{T1+T2}=T1 +(1-H)*T2
c. speedup = Execution time before enhancement / Execution time after enhancement = T2/=T2/T1+(1-H) T2
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13. calculate the arithmetic and harmonic means assuming equal weights for the four programs, and rank the computers based on arithmetic mean and harmonic mean 

The harmonic mean is calculated as the number of values N divided by the sum of the reciprocal of the values (1 over each value).
· Harmonic Mean = N / (1/x1 + 1/x2 + … + 1/xN)
If there are just two values (x1 and x2), a simplified calculation of the harmonic mean can be calculated as:
· Harmonic Mean = (2 * x1 * x2) / (x1 + x2)
The harmonic mean is the appropriate mean if the data is comprised of rates.
Recall that a rate is the ratio between two quantities with different measures, e.g. speed, acceleration, frequency, etc.





18.   From the given data,
                Fetch Opcode : consist 4 bus clock cycles.
                Fetch operand address: Consist 3 bus clock cycles.
                Fetch operand : Consist of 3 bus clock cycle.
          Store operand : Consist 3 bus clock cycle.
         Add 1 to operand: Consist 3 bus clock cycles
                Therefore without inserting bus wait state in each memory read and memory write, the number of cycles taken is 16(4+3+3+3+3). When two bus wait states are inserted in each memory read and write, to number of clock cycles is 24. That is adding 2 wait clock cycles to
Fetch Opcode
Fetch operand address.







19.

A. 8×1068×106 bytes/sec
B. 4×1064×106 bytes/sec
C. 16×10616×106 bytes/sec
D. 4×1094×109 bytes/sec

Since minimum bus cycle duration = 4 clock cycles
Bus clock = 8 MHz
Then, maximum bus cycle rate = 8 M / 4 = 2 M/sec
Data transferred per bus cycle = 16 bit = 2B
Data transfer rate per second = bus cycle rate * data per bus cycle = 2 M * 2 = 4 * 106 B/sec
B is answer
This can also be visualized as :

Clock cycle=18MHz=18∗106=125ns18MHz=18∗106=125ns

Bus Cycle=4*125ns=500ns

2 Bytes are transferred (16-bit data) for every 500ns.

 

Thus transfer rate=2500ns=25∗10−9=4MBps








20. a. Considering single bus cycle, 

 8-bit mlcroprocessor transfers one byte at a time. 

 16-bit microprocessor can transfer 2 bytes (16-bits) at a time. Comparing 8-bit and 16-bit with single clock cycle, 16-bit micro processor has twice the data


22.Tavg=hitcache×timecache+(1−hitcache)(hitmemory)[timecache+timememory]+(1−hitcache)(1−hitmemory)[timecache+timememory+timedisk] 

=0.9×20+0.1×0.6×80+0.1×.4×12000080

We can also use the formula

Tavg=timecache+(1−hitcache)[timememory]+(1−hitcache)(1−hitmemory)[timedisk]

=20+0.1×60+0.1×0.4×12000000

23.  Clock Cycle per Instruction=1106=1μs

a. Each instruction requires 2 memory cycle =2×300ns=600ns

So, total time for an instruction on average =1μs+600ns=1600ns

Bus utilization time =6001600=37.5%

b. Since not given, we can take instruction cache access time as negligible. Now, the memory cycle needed for an instruction on average is 1.5 (instruction cache cannot help in operand fetch) as hit rate is 0.5. So,

average memory cycle time per instruction =1.5×300=450ns

total time for an instruction on average =1μs+450ns=1450ns

Bus utilization time =4501450=31.0%




24.  1.every clock 1 First a 2-bet counter is associated with of 4 blocks in a single set 2) The four values are set to 0, 1, 2 and 3 3)


2. A cache that uses a least-recently-used eviction policy can easily be manipulated into always missing. On every miss, the oldest cache entry is evicted and a new one is put in its place. So, as long as the region being accessed is not one of the N previously-accessed entries, the cache will miss, where N is the size of the cache in lines


25.
{A}
       a. (1000111)2 = (71)10
            1x26 + 0x25 + 0x24 + 0x23 + 1x22 + 1x21 + 1x20
             1x64 + 0x32 + 0x16 + 0x8 + 1x4 + 1x2 + 1x1 = 64 + 0 + 0 + 0 + 4 + 2 + 1
             64 + 0 + 0 + 0 + 4 + 2 + 1 = 71

       b. (10110101)2 = (181)10
                  x27 + 0x26 + 1x25 + 1x24 + 0x23 + 1x22 + 0x21 + 1x20
                  1x128 + 0x64 + 1x32 + 1x16 + 0x8 + 1x4 + 0x2 + 1x1 = 128 + 0 + 32 + 16 + 0 + 4 + 0 + 1
                  128 + 0 + 32 + 16 + 0 + 4 + 0 + 1 = 181

       c. (11111100)2 = (252)10
                 1x27 + 1x26 + 1x25 + 1x24 + 1x23 + 1x22 + 0x21 + 0x20
            1x128 + 1x64 + 1x32 + 1x16 + 1x8 + 1x4 + 0x2 + 0x1 = 128 + 64 + 32 + 16 + 8 + 4 + 0 + 0
             128 + 64 + 32 + 16 + 8 + 4 + 0 + 0 = 252

{B}
       a.  |-56| = 56

56  2 = 28 + 0;
28  2 = 14 + 0;
         14 ÷ 2 = 7 + 0;
7 ÷ 2 = 3 + 1;
3÷ 2 = 1 + 1;
                        1 ÷ 2 = 0 + 1;
                             56(10) = 11 1000(2)
56(10) = 0011 1000
!(0011 1000) = 1100 0111
1100 0111 + 1 =1100 1000
-56(10) = 1100 100


      
       b.       |-111| = 111

                 111 ÷ 2 = 55 + 1;
                  55 ÷ 2 = 27 + 1;
                 27 ÷ 2 = 13 + 1;
                 13 ÷ 2 = 6 + 1;
                 6 ÷ 2 = 3 + 0;
                3 ÷ 2 = 1 + 1;
                 1 ÷ 2 = 0 + 1;

             111(10) = 110 1111(2)
              111(10) = 0110 1111

              !(0110 1111) =1001 0000
  
                !(0110 1111) =1001 0000
           
[bookmark: _GoBack]                  -111(10) = 1001 000



     
26.   
I. NAND
II. AND
III. NOR
IV. OR
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