CS2214 COMPUTER ARCHITECTURE & ORGANIZATION FALL 2009

HOMEWORK I

DUE : September 29, 2009

READ :

0 Chapter 1 (Except 1.4)

O Related sections of Chapter 2

0 Related sections of Chapter 3

0 Related portions of Appendix B

ASSIGNMENT : There are seven questions four of which are from chapters I and II of the text-
book.

Solve all homework and exam problems as shown in class and past exam solutions.

I) Solve Problems 1.1.1, 1.1.3, 1.1.6, 1.1.8, 1.1.10, 1.1.11, 1.1.13, 1.1.14, 1.1.16, 1.1.17, 1.1.18,
1.1.19,1.1.20, 1.1.21, 1.1.22, 1.1.23, 1.1.24 and 1.1.25.

To answer each question, write down the word or phrase. Do not give the number (1, 2, 3,...) it
corresponds to.

IT) Solve Problem 2.7.1 part (b), 2.7.2 part (a) and 2.7.3 part (b).

Show the work during the conversions as shown in class.

I1I) Solve Problem 2.8.1 for only part (a).

First, convert the hex digits to bit patterns and then perform additions and subtractions.

IV) Solve Problem 2.10.1 for only part (b).

Show the instruction in the mnemonic notation. Assume that the instruction is in memory loca-
tion 400000. Show the work during the conversions as shown in class.
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V) Show the minimal sequence of mnemonic machine language instructions for this C-like
statement :
a=b+100;

In this question, you are asked to convert a high-level language statement to a set of mnemonic
machine language instructions. We know that a compiler converts a high-level language program
to a machine language program. So what you will do is exactly the same as what a compiler does,
with one exception : you will translate to a mnemonic machine language program, not to a
machine language program.

Note the following :

[ The set of instructions you will write starts at 400000.
[J Variables “a” and “b” are already loaded to registers R8 and R9, respectively.

0 Number 100 in the question is a decimal number. But, the hexadecimal notation is the
default case in our mnemonic machine language programs.

VI) Consider the following C language statement :
b=25]a

Write the corresponding minimal sequence of mnemonic machine language program. Assume
that the value of “a* is in R8 and the value of “b” should be stored in R9

In order to show clearly that the new code is correct, show the table of execution of instructions
with used register and memory location values until the code completes.

Note the following :

U The piece of mnemonic machine language program you will write starts at 400000.
[J Assume that R8 has (6).

U Number 25 in the C-like statement in the question is in decimal. But, the hexadecimal
notation is the default case in our mnemonic machine language programs.

VII) Implement the following two pseudoinstructions in mnemonic machine language :
0O MOVE $tl, $t2 # $t1 = $t2. This is Problem 2.30.1 part (a) in the textbook

0 CLEAR $t0 #$t10=0
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You will implement the pseudoinstructions in terms of (by using) actual EMY instructions.

For each pseudo instruction, you write a mnemonic machine language program that implements
the architectural operations required by the pseudo instruction. Note the following :

[ Assume that each mnemonic machine language program you write starts at memory loca-
tion 400400. Each program looks like as follows :

400400 mnemonic rd/rt/rs/Imm/...  # Comments are helpful
400404 mnemonic rd/rt/rs/Imm/...  # Place the second instruction if necessary
400408 --- - # Place the third instruction if necessary

RELEVANT QUESTIONS AND ANSWERS

Ql) The EMY machine language instruction set does not have the following instruction which is shown in the mne-

monic notation :
400C00 ADDRM RS, 500(R9) # R8 <€— R8 + M[R9 +500"]
i) Implement the instruction : ADDRM RS, 500(R9)

by using a few actual EMY instructions in the mnemonic notation. Your piece of code starts at 400C00. Use soft-
ware conventions discussed in class. Add comments to your code.

ii) Assume that this instruction is added to the EMY instruction set. Describe its syntax, semantics, format, etc.

If there is a new addressing mode that is not discussed in class, indicate so. What does “ADDRM” stand for ?

A1) i) The given instruction is the following :

400C00 ADDRM RS, S00(R9) #R8 <&— RS+ M[R9 + 5007

We see that we add a register and a memory operand and store the result in the same register argument. We can
implement it by using ¢wo instructions :

400C00 LW R10, 500(R9) # Load the memory operand to R10
400C04 ADD R8,R§,R10 # Add the register and the memory operand

ii) The syntax of the new instruction : ADDRM Rt, Disp(Rs)
The semantics of the new instruction : Rt <&— Rt + M[Rs + Disp ']

The format is the I format : 6 5 5 16

opcode Rs | Rt Displ
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Three arguments are used by the instruction : There are two register arguments and a memory argument.

Rt is a source and destination register. It is explicetly specified by the instruction. One register argument is therefore
using the Register addressing mode. The other register argument which is the same register is implied. Therefore, it
is using the Implied addressing mode. The third argument is an operand which is a memory location whose address is
the sum of a register and a Displacement. Therefore, the 2-byte Signed-Displacement addressing mode is used.

Two memory accesses are made for the instruction. One is to fetch the instruction and the other one is to read a data
element.

ADDRM stands for Add Register Memory.

EMY is not a L/S architecture anymore, since ADDRM accesses the memory for data. The ADDRM is a CISC
instruction.

Q2) A CISC architecture has a powerful complex instruction that stores a constant (a data element) in a memory
location MVMC.

The syntax and semantics (the architectural operation) of this instruction, called MVMC (MoVe to Memory a Con-
stant) are shown below :

MVMC Rs, Rt, constant # M[Rs + Rt] <¢— constant™

The EMY architecture does not have the MVMC instruction. So, we implement (synthesize) it by using the follow-
ing piece of mnemonic machine language program which starts at 400200 :

400200 ADDI  R8,RO,5
400204 ADD R9, R10, R11 # Assume that R10 has 10000350 and R11 has 250
400208 SW RS, 0(R9)
Show the correspondence between the MVMC instruction and this piece of program. For example, which register is
Rs, which one is Rt, and so on.
A2) This piece of program corresponds to MVMC R10, R11, 5 where
O Rsis R10
O RtisR11
O The constant is a signed number with a value of 5 and a length of 16 bits

O The memory location the constant stored after its sign extension is 100005A0

The MVMC instruction can be a pseudoinstruction for the MIPS and its conversion to actual MIPS instructions by a
MIPS assembler would result in the 3-instruction code above.
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Q3) Consider the following memory location with a sequence of bits :
40020C 1010 1101 0000 1011 0000 0000 0000 1000
Determine what the sequence of bits exactly represents. Note that this memory location is used for an application for

which the MIPS software conventions are followed.

A3) Since the sequence of bits is in 40020C, this must be an instruction according to MIPS software conventions :

10,1011
Jojon 1010 IIOI\M@‘W 00001000

2 ~ -
= = Opcode E; Eil Displacement 8
sw- |

40020C SW R11, 8(RS8)

Q4) The EMY machine language instruction set does not have the following instruction which is shown in the MIPS

assembly notation :
BP $t7, Label #1f$t7 = 0 then go to Label

Implement the instruction by using EMY instructions in the mnemonic notation. Add a comment to each instruction
in your code. Explain what “BP” stands for.

Your piece of code starts at 400250. Memory location “Label” corresponds to 400308. Your piece of code should not
contain more than three instructions !

A4) The BP instruction tests a register to see if it is greater than or equal to 0. If yes, it branches to “Label.” Thus,
“BP” stands for “Branch if Positive.” That is, if the register specified in the instruction is positive, it is branched.
The register specified by the BP instruction is “t7” which corresponds to “R15” in the mnemonic notation.

The corresponding EMY mnemonic machine code has just two instructions as shown below :

400250 SLT RS,R15,R0O #1Is R15 less than 0 ?

400254 BEQ R&,R0,2C # If R8 is 0 (R15 is not less than 0), branch 2C locations down.
400258 --- # Other instructions follow
400308 ---

The “BEQ” in location 400254 has to branch if R15 is positive. It uses the PC-relative addressing mode : an offset in
terms of words has to be computed. The distance between 400308 and 400258 is B0 in terms bytes and 2C in terms
of words : (B0)/4 =2C.

The BP instruction can be a pseudoinstruction for the MIPS and its conversion to actual MIPS instructions by a MIPS
assembler would result in the 2-instruction code above.
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Q5) Consider the following sequence of EMY mnemonic machine language instructions :

400000 LW RS, O(R9)
400004 SLT R10, R8, RO
400008 BEQ R10, RO, 1
40000C SW RO, O(R9)
400010 ADDI  R9,R9,4
400014 ADDI  RIL,RIL, (-1);,
400018 BNE R11, RO, (-7)10

l) Obtain the table that shows the values of registers and memory locations used by the above piece of EMY code.
To do that, continue with the table below :

Instruction PC R8 R9 R10 R11 M[10000000]
Initial 400000 ? 10000000 ? 1 (-5)10
LW RS, 0(R9) 400004 (-5)10 NS NS NS NS
..... Continue

ii) Determine what this piece of code does. That is, what is its purpose ?

gi)he table that shows the values of registers and memory locations used by the code is as follows :
Instruction PC RS R9 R10 R11 M[10000000]
Initial 400000 ? 10000000 ? 1 1o
LW RS, 0(R9) 400004 1o NS NS NS NS
SLT R10,RS8, R0 400008 NS NS 1 NS NS
BEQ RI10,R0,1 40000C NS NS NS NS NS
SW RO, 0(R9) 400010 NS NS NS NS 0
ADDI R9, R9, 4 400014 NS 10000004 NS NS NS
ADDI  RI11,R11, (-1)¢y 400018 NS NS NS 0 NS
BNE RI11, R0, (-7)19 40001C NS NS NS NS NS

i) This piece of code zeros negative elements of a one-dimensional array in the memory. The positive elements of
the array are not changed. For the given code, the array has only one element which is negative. Therefore, it is
replaced with zero.
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Q6) Consider the following piece of EMY mnemonic machine language program :

400A50 LW RS, O(R9) # RO initially has 10000000
400A54 LW R10, 500(R9)
400A58 SLT R11,R10, RO
400A5C BEQ RIL, RO, 1
400A60 SW R8, 500(R9)
400A64 ADDI  R9,R9, 4
400A68 ADDI  RI2,RI12, (-1); # R12 initially has 2
400A6C BNE R12, RO, (-8);9
10000000 E
10000004 A
10000500 5
10000504 -Dyo

i) Obtain a table that shows the values of registers and memory locations used by the above piece of EMY code as
shown in class. Also show the number of memory accesses made for each instruction.

ii) Determine what this piece of code does. That is, what is its purpose in a few sentences ?

iii) Invent a new EMY instruction that combines the SLT and BEQ instructions in order to reduce the size of the
code. Indicate the syntax, semantics and format of this new instruction.

A6) i) The table showing the values of registers and memory locations used by the code is as follows :

Instruction PC R8 R9 R10 RI1 | R12 | M[10000000] | M[10000004] | M[10000500] | M[10000504] | Mem. Acc.
Initial 400A50 ? 10000000 ? ? 2 E A 5 Dy |
LW RS, 0(R9) 400A54 E NS NS NS NS NS NS NS NS 2
LW  R10, 500(R9) 400A58 | NS NS 5 NS NS NS NS NS NS 2
SLT  R11,R10,R0 400A5C | NS NS NS 0 NS NS NS NS NS 1
BEQ RIL,RO0,1 400A64 | NS NS NS NS NS NS NS NS NS 1
ADDI R9,R9, 4 400A68 | NS 10000004 NS NS NS NS NS NS NS 1
ADDI R12,R12,(-1);y | 400A6C | NS NS NS NS 1 NS NS NS NS 1
BNE RI12,R0, (-8);¢ 400A50 | NS NS NS NS NS NS NS NS NS 1
LW RS, 0(R9) 400A54 A NS NS NS NS NS NS NS NS 2
LW  RI10, 500(R9) 400A58 | NS NS (-Djo | NS NS NS NS NS NS 2
SLT  R11,R10,R0 400A5C | NS NS NS 1 NS NS NS NS NS 1
BEQ RIL,RO0,1 400A60 | NS NS NS NS NS NS NS NS NS 1
SW RS, 500(R9) 400A64 | NS NS NS NS NS NS NS NS A 2
ADDI R9,R9, 4 400A68 | NS 10000008 NS NS NS NS NS NS NS 1
ADDI R12,R12,(-1);o | 400A6C | NS NS NS NS 0 NS NS NS NS 1
BNE RI12,R0, (-8);¢ 400A70 | NS NS NS NS NS NS NS NS NS 1
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ii) This code works on two vectors A and B both of which have the same length. If an element of vector B is less
than zero (negative), the corresponding element of vector A (the element with the same index) replaces it. In the
given problem, there are two elements per vector.

iii) The SLT and BEQ together implement an architectural operation where if register R10 is positive, the branch
happens. Thus, it is a “Branch If Positive” instruction :

BP Rs, Offset IfRs = 0 then PC ~<a—— PC + ((Offset")* 4)

The I format is used. Register Rt is not used.

Q7) The following piece of mnemonic machine language program is run on the EMY computer :

400100 LW RS, 0(R9)

400104 ADDI RS§,R8,1

400108 SW RS, 0(R9)

40010C ADDI R9,R9, 4

400110 ?7? # Decrement R10 by 1

400114 277 # If R10 is not equal to zero, branch to location 100

a) Based on the comments made, specify the last two instructions precisely.
b) Describe what the program does briefly (in two sentences).

¢) Invent a new, 32 bit long complex EMY instruction that replaces the first four instructions of the program. That is
your new 32-bit instruction accomplishes what the first four instructions accomplish.
i) Describe the new instruction : such as its format, field usage, syntax, etc...
ii) Then, rewrite the program on page 1 with your new instruction and indicate the number of instructions run
for the program.

A7) a)
400110 ADDI R10,R10, (-1)19 # Decrement R10 by 1
400114 BNE  RI10, RO, (-6)1¢ # If R10 is not equal to zero, branch to location 400100

b) The program increments (adds 1) to every element of an array that starts at “displ” + R9”. The array has R10 ele-
ments.

¢) i) The first four instructions increment an element of an array and advance the array pointer register. The new
instruction is then “Increment memory with autoincrement register.” That is the new instruction increments memory
and then automatically updates the pointer register.

The syntax :  INCM Displ(Rs)++
R9 is automatically added 4, hence the “++” symbols in the syntax of the instruction !

M[Displ” + Rs]<«— M[Displ” + Rs] + 1
then
Rs «— Rs+4
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Since we need a displacement, we need to use the I-format :

6 5 5 16

opcode Rs Rt Displ The “Rt” field is not needed

The instruction has two architectural operations : The first one increments a memory location and the second adds 4
to a register.

For the first architectural operation : There are three arguments. For the destination argument and the first source
argument the 2-byte signed displacement addressing mode is used. For the second source argument, the implied
addressing mode is used since a “1” is added and “1” is implied by the instruction

For the second architectural operation : There are three arguments. For all the three arguments, the implied address-
ing mode is use. The destination argument and first source argument are implied to be register “Rs” and the second
source argument is implied to be “4” by the instruction.

ii) 100 INCM O(R9)+
104  ADDI RI10,R10, (-1)
108  BNE  RIO0, R0, (-3)0

These three instructions are executed R10 times. Then, the number of instructions executed is 3 x R10.
For the original program, the number of instructions executed is 6 x R10 ! The number of instructions executed is

decreased by half ! Note that the EMY computer is not a L/S (RISC) computer anymeore since an A/L instruction,
INCM, accesses the memory for data.

Q8) Consider the following piece of EMY mnemonic machine language instructions :

400000 ADDI  RI10,RO0,0

400004 ADD  RI0,R8,RI10
400008 ADDI  R9,R9, (-1);o
40000C BNE R9, RO, (-3);0

i) Obtain the table that shows the values of registers and memory locations used by the above piece of EMY code.
To do that, continue with the table below as shown in class :

Instruction PC RS R9 R10
Initial 400000 9 2 ?
..... Continue

ii) Determine what this piece of code does. That is, what is its purpose in a few sentences ?

AB8)i) The table showing the values of registers and memory locations used by the code is as follows :
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Instruction PC R8 R9 R10 Comments
Initial 400000 9 2 ?
ADDI  R10,RO0,0 400004 NS NS 0 Initialize R10 to 0
ADD  R10, RS, R10 400008 NS NS 9 Add RS to R10
ADDI  R9,R9, (-1)9 40000C NS 1 NS Decrement the loop counter
BNE R9, RO, (-3)9 400004 NS NS NS Not the end, go back to 400004
ADD  R10, R8, R10 400008 NS NS 18)1¢ Add RS to R10 again
ADDI  R9,R9, (-1)9 40000C NS 0 NS Decrement the loop counter
BNE R9, RO, (-3)1¢ 400010 NS NS NS It is the end, exit the loop

ii) This piece of code multiplies two positive numbers by performing successive additions. It also works if the mul-
tiplicand of the (multiplicand * multiplier) pair is negative. For example, (-9 * 2) would work. The multiplicand must
be at least 1 initially. The loop execution is shown in bold face on the above execution table.

Q9) The EMY computer runs a piece of program and the following values are observed :

PC R2 R4 R8 R31 M[10004000] M[10004004]
400300 ? 10004000 ? 154 51 (-Dyo
400304 0 NS NS NS NS NS
400308 NS NS 51 NS NS NS
40030C NS NS 52 NS NS NS
400310 1 NS NS NS NS NS
400314 NS 10004004 NS NS NS NS
400304 NS NS NS NS NS NS
400308 NS NS (-Dio NS NS NS
40030C NS NS 0 NS NS NS
400310 2 NS NS NS NS NS
400314 NS 10004008 NS NS NS NS
400318 NS NS NS NS NS NS
400154 NS NS NS NS NS NS

The first row shows the initial values.
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a) Write the corresponding mnemonic machine language program.

b) Describe what the above program does briefly (in three sentences).

A9) a)
400300 ADD
400304 LW
400308 ADDI
40030C ADDI
400310 ADDI
400314 BNE
400318 JR

R2, RO, RO
RS, O(R4)
RS, RS, 1
R2,R2, 1

R4, R4, 4

R8, RO, (-5);0
R31

# R2 is initialized to 0

# R8 is loaded from an array pointed by R4

# The array element is incremented by 1

# R2 is incremented by 1

# The array pointer (R4) is updated to point at the next element
# If the loaded array element plus 1 is not 0, it branches back

# It returns from the subroutine

b) This is a subroutine that counts the number of elements of an array that starts at R4 (the array pointer). It returns
the count plus 1 in R2. The last element of the array is always (-1);o. In the question, the array starts at 10004000

and has one element and so R2 contains a 2.

Q10) Write a piece of EMY mnemonic machine language code that negates the elements of an array.

The array is pointed by R8. The number of elements in the array is specified by R9 which is not zero initially. The

code starts at 400000.

Use software conventions discussed in class. Add comments to your code. If the code contains more than eight (8)
instructions, it will not earn points.

A10) The code is as follows :

400000
400004
400008
40000C
400010
400014

Lw
SUB
SW
ADDI
ADDI
BNE

R10, O(RS) # Load from the array

R10, RO, R10 # Negate the element

R10, O(RS) # Store back to the array

R8, RS, 4 # Update the array pointer

R9, R9, (-1)10 # Decrement the loop index

R9, RO, (-6)1¢ # If not the end, loop back to 400000

Q11) Consider the following piece of EMY mnemonic machine language program :

400100
400104
400108
40010C
400110
400114
400118
10001000
10001004

ADDI
LW
ADD
ADDI
ADDI
BNE
SwW

6

4

RS, RO, 0

R9, O(R10) # R10 initially has 10001000
RS, RS, R9

R10, R10, 4

R11,R11, (-1);q #R11 initially has 2

R11, RO, (-5);0

RS, O(R10)
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i) Obtain the table that shows the values of registers and memory locations used by the above piece of EMY code as

shown in class :

Instruction PC R8 R9 R10 RI11 | M[10001000] | M[10001004] | M[10001008]
Initial 400100 ? ? 10001000 2 6 4 ?
ADDI R8, RO, RO 400104 0 NS NS NS NS NS NS
Continue

ii) Determine what this piece of code does. That is, what is its purpose in a few sentences ?

All)

i) The table showing the values of registers and memory locations used by the code is as follows :

Instruction PC RS R9 R10 R11 M[10001000] | M[10001004] | M[10001008]
Initial 400100 ? ? 10001000 2 6 4 ?

ADDI RS, R0, 0 400104 0 NS NS NS NS NS NS
LW  R9,0(R10) 400108 | NS 6 NS NS NS NS NS
ADD RS, RS, R9 40010C 6 NS NS NS NS NS NS
ADDI R10, R10, 4 400110 | NS NS | 10001004 NS NS NS NS
ADDI RI11, R11, (-1){o | 400114 | NS NS NS 1 NS NS NS
BNE RI11, R0, (-5);9 | 400104 | NS NS NS NS NS NS NS
LW  R9, 0(R10) 400108 | NS 4 NS NS NS NS NS
ADD RS, RS, R9 40010C | A NS NS NS NS NS NS
ADDI R10, R10, 4 400110 | NS | NS | 10001008 NS NS NS NS
ADDI RI11, R11, (-1)1o | 400114 | NS NS NS 0 NS NS NS
BNE RI11, R0, (-5);9 | 400118 | NS NS NS NS NS NS NS
SW RS, 0(R10) 40011C | NS NS NS NS NS NS A

ii) This piece of code adds elements of an array one by one and stores the result in the location right after the array.

In the given problem, there are two elements.
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