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The Break Instruction

From last time ...
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Lab 3: ISA Specifications
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MIPSASM doesn’t like it ???
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Small integer. Display this on 
Calinx Board LEDs or ModelSim 
output ... TAs need this for 
checkoffs, useful to you too.

MIPSASM handles it correctly.

A feature, not a bug ...
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Today - Midterm I Review Session

HW 1, problem by problem ...

Study tips, test ground rules

All questions answered (almost ...)

Recall: HW 1 was Fall 05 Mid-term I.
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CS152 Midterm I
October 4th 2005

Name:

“All the work is my own. I have no prior knowledge  
of the exam contents, aside from guidance from 
class staff. I will not share the contents with others 
in CS152 who have not taken it yet.”

Signature:
Please write clearly, and put your name on each 
page.  Please abide by word limits. Good luck!

David Marquardt
Udam Saini
John Lazzaro

1 10

2 15

3 10

4 10

5 15

6 15

7 10

8 15

Tot 100

# Points

SSID:
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CS152 Homework I, Fall 2006
Name:

Homework I is due in class on Thursday September 28 at 11:10 AM.
This class is the Mid-term I review session.

Late homeworks are NOT accepted.  Thus, if you will not be attending
the review session, you MUST make arrangements to hand off the
homework to the instructor before classtime.

Homework will be graded on effort (did you make an honest attempt to
solve each problem?), not correctness.  We will distribute the correct
answers for the homework in the review session, but we will probably
not return the homework you hand in until after the exam.  So, you may 
wish to make a copy for reference before you hand it in.

This homework will count for approximately 1.5% of your final grade.
The homework is based on the Mid-term I exam from Fall 05.
You may discuss the homework problems with fellow students and the 
TAs, but what you write down must be your own work (no copying the 
answers from someone else’s homework).  Good luck!  John Lazzaro

SSID:
1 10 10

2 15 15

3 10 10

4 10 10

5 15 15

6 15 15

7 10 10

8 15 15

Tot 100 100

# Points

Solution Sheet
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Part I - Single Cycle
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Mid-term, Part I:  ISA & Single Cycle

1 10

2 15

3 10

4 10

5 15

6 15

7 10

8 15

Tot 100

# Points

Design a CPU 
component 
(ex: register file) 
for a novel ISA.

Analyze if a CPU 
design matches a 
proposed ISA.

Write machine language for an unusual ISA.

Modify a single-
cycle CPU to 
match an unusual 
ISA change.

 Typical Topics
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Mid-term, Part I:  How to do well ...
Problem intro often 
features a lecture slide.  
If you have to teach 
yourself that slide 
during the test, you’re 
starting out behind.

Getting the problem 
correct requires thinking 
on your feet to do a new 
design or analyze one 
given to you.

Just like an on-site job interview ...
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Q1.  Register File Design (10 points)1 Register File Design (10 points)

On the top slide on the next page, we show the write logic for the register file
design we showed in Lecture 1-2.

Redesign the write logic for the register file, so that two registers may be
written on the same positive clock edge. The 5-bit values ws1 and ws2 specify
the registers to write, the 1-bit values WE1 and WE2 enable writing for each
port (1 = enabled, 0 = disabled), and the 32-bit values wd1 and wd2 are the
data to be written. If both write ports are enabled, and ws1 and ws2 specify
the same register, this register MUST be written with the value wd1.

Draw your final design on the bottom slide shown on the next page. If you
need to use a complex logic function in your answer, define a truth table for a
function f(x, y, . . .) below the slide, and draw boxes on the schematic labeled
with f(x, y, . . .). You may use standard symbols for simple gates (OR gates,
AND gates, multiplexers, demultiplexers, etc).

Work out your design below BEFORE drawing on the slide on the next page.
Only the next page will be graded.
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Q1: The actual question ...
1 Register File Design (10 points)

On the top slide on the next page, we show the write logic for the register file
design we showed in Lecture 1-2.

Redesign the write logic for the register file, so that two registers may be
written on the same positive clock edge. The 5-bit values ws1 and ws2 specify
the registers to write, the 1-bit values WE1 and WE2 enable writing for each
port (1 = enabled, 0 = disabled), and the 32-bit values wd1 and wd2 are the
data to be written. If both write ports are enabled, and ws1 and ws2 specify
the same register, this register MUST be written with the value wd1.

Draw your final design on the bottom slide shown on the next page. If you
need to use a complex logic function in your answer, define a truth table for a
function f(x, y, . . .) below the slide, and draw boxes on the schematic labeled
with f(x, y, . . .). You may use standard symbols for simple gates (OR gates,
AND gates, multiplexers, demultiplexers, etc).

Work out your design below BEFORE drawing on the slide on the next page.
Only the next page will be graded.
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Q2: Single Cycle Design (part A)2 Single Cycle Design (15 points)

Below, we show a slightly-modified version of the single-cycle datapath that we
derived in the first weeks of class. On the following pages, we ask questions
about this design.
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Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

LWA: Load Word and 
Auto-update Index
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Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:
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Q2: Single Cycle Design (part A)

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

-------
YES | NO |

-------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Write this answer below:

Answer: Replace the register file with a register file with 2 write ports (for
example, the design in Problem 1), and wire up the ws1, ws2, wd1, and wd2
inputs so that you can write the registers coded by $rt and $rs with the values
specified by the LWA instruction.

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

-------
YES | NO |

-------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Write this answer below:

Answer: Replace the register file with a register file with 2 write ports (for
example, the design in Problem 1), and wire up the ws1, ws2, wd1, and wd2
inputs so that you can write the registers coded by $rt and $rs with the values
specified by the LWA instruction.
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Q2: Single Cycle Design (part B)2 Single Cycle Design (15 points)

Below, we show a slightly-modified version of the single-cycle datapath that we
derived in the first weeks of class. On the following pages, we ask questions
about this design.
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Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

SWA: Store Word and 
Auto-update Index
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Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

21



CS 152 L10: Midterm I Review UC Regents Fall 2006 © UCB

Q2: Single Cycle Design (part B)

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

Question 2b (5 points). We wish to add a new I-format opcode to the
instruction set, named SWA (Store Word and Autoupdate index). The purpose
of SWA is to write a block of memory by invoking SWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

SWA $rt imm($rs)

Actions:

M[$rs + sign_extended(imm)] = $rt
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add SWA to the datapath.
Is the datapath, as shown, able to execute SWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

--------
| YES | NO
--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

X 1 0 1 1 0 1 1

Function for ALU:  Simple addition (a + b)

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.
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Q2: Single Cycle Design (part C)2 Single Cycle Design (15 points)

Below, we show a slightly-modified version of the single-cycle datapath that we
derived in the first weeks of class. On the following pages, we ask questions
about this design.
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Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

BEQR:  Branch if EQual 
to address in Register
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Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.
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Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.
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Q2: Single Cycle Design (part C)

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

YES NO

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Fuzzy answers get 0 credit (fuzzy example:
“add more registers and wires”).

If answer is “no”, write your statement below:

Question 2a (5 points). We wish to add a new I-format opcode to the
instruction set, named LWA (Load Word and Autoupdate index). The purpose
of LWA is to read a block of memory by invoking LWA many times, without
needing to update the index register value by executing add instructions.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

LWA $rt imm($rs)

Actions:

$rt = M[$rs + sign_extended(imm)]
$rs = $rs + sign_extended(imm)

Note that the M[] memory access uses the rs value present at the start of the
instruction, not the updated value written at the end of the instruction.

In this question, you are to evaluate how to add LWA to the datapath.
Is the datapath, as shown, able to execute LWA? In answering this question,

assume that you MAY add a new instruction to the ALU – this function may
be any Boolean function of the two ALU inputs – but you may NOT otherwise
change the datapath.

Circle YES or NO below (X points):

-------
YES | NO |

-------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less. Write this answer below:

Answer: Replace the register file with a register file with 2 write ports (for
example, the design in Problem 1), and wire up the ws1, ws2, wd1, and wd2
inputs so that you can write the registers coded by $rt and $rs with the values
specified by the LWA instruction.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.

Question 2c (5 points). We wish to add a new I-format opcode to the
instruction set, named BEQR (Branch if Equal to Register Value). The purpose
of the BEQR instruction is to let a register value determine the branch target.
BEQR does not have a branch delay slot.

In the definition below, rs and rt refer to the register coded in the rs and rt
I-format fields, and imm refers to the constant coded in the immediate field.

Syntax:

BEQR $rs imm $rt

Actions:

if ($rs == sign_extended(imm))
PC = PC + 4 + $rt

else
PC = PC + 4

In this question, you are to evaluate how to add BEQR to the datapath.
Is the datapath, as shown, able to execute BEQR? In answering this ques-

tion, assume that you MAY add a new instruction to the ALU – this function
may be any Boolean function of the two ALU inputs – but you may NOT
otherwise change the datapath.

Circle YES or NO below (X points):

--------
YES | NO |

--------

If your answer is yes, fill out the table control values needed for this instruction.
Each box should be filled with a 0, 1, or X (don’t care). A 0 or 1 that could
have been an X counts as incorrect. Also specify the ALU function.

BRSrc PCSrc RegDest RegWr ExtOp ALUSrc MemWr MemToReg

Function for ALU:

Express ALU function below as a function of “A” (upper input) and “B” (lower input).  
Specify if equation is boolean or numeric, specify if constants are in decimal or hex.

If the answer is no, precisely state how to modify the datapath to support
the instruction, in 30 words or less.

Answer: We need to take output rd2 from the register file and add it as a
new input to the BRSrc mux in the instruction fetch slide.
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Q3: Single-Cycle Branch Delay Slot

3 Branch Delay Slot (10 points)

On the top slide on the next page, we show the branch logic for the single-cycle
processor showed in Lecture 1-2. Recall that this processor does not use the
branch delay slot.

Redesign this datapath so that branches have a branch delay slot. You may
not change the main controller to add new signals; instead, you must generate
your own control signals from local logic and posedge flip-flops. The math for
computing the branch target address (PC + 4 + ext(imm), where PC is the
branch instruction address) is unchanged from the no-delay-slot case.

As in the no-delay-slot CPU, the main controller will generate a PCSrc signal
that will be low for the posedge at the end of a branch instruction’s cycle, and
high for the posedge at the end of all other instructions (including the branch
delay slot instruction). Ignore the possibility of a branch instruction appearing
in the branch-delay slot.

Draw the new PC datapath on the diagram on the bottom slide on next
page. Note that much of the schematic remains, but some parts are missing
(inputs into the increment adders, wires connecting the PC with other parts of
the diagram). Add parts and wires to the schematic to make your new branch
datapath and local control.

In a real design, you would also have access to a reset signal, so that you
can initialize all state to the correct value by muxing in constant values on a
posedge where reset is high. For this problem, simply specify (on the next page)
the constant values that you would mux into all state elements (the PC, and
new elements you add) on the reset condition.

For example, the no-branch-delay-slot design on the top slide would mux in
the constant 0 into the PC register, so that the first instruction fetched is at
location 0. The constants you specify for the bottom slide should also ensure the
first instruction fetched after a reset is at location 0 (and should also otherwise
produce a working processor!).

Work out your design on this page, and write your completed schematic on
the slide. Only the next page will be graded.
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 Single-Cycle I-Fetch (no delay slot)
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Step 1a: The MIPS-lite Subset for today

° ADD and SUB
• addU rd, rs, rt
• subU rd, rs, rt

° OR Immediate:
• ori  rt, rs, imm16

° LOAD and STORE Word
• lw rt, rs, imm16
• sw rt, rs, imm16

° BRANCH:
• beq rs, rt, imm16

op rs rt rd shamt funct
061116212631

6 bits 6 bits5 bits5 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

E
x
t
e
n
d

 Mux control: 0 is lower mux input, 1 upper mux input

1

0

28



Clk

32
Addr Data

Instr
Mem

D

PC

Q32
+

32

PCSrc

32

+
32

CS 152 L06 Single Cycle 1 (6) UC Regents Fall 2004 © UCB

Step 1a: The MIPS-lite Subset for today

° ADD and SUB
• addU rd, rs, rt
• subU rd, rs, rt

° OR Immediate:
• ori  rt, rs, imm16

° LOAD and STORE Word
• lw rt, rs, imm16
• sw rt, rs, imm16

° BRANCH:
• beq rs, rt, imm16

op rs rt rd shamt funct
061116212631

6 bits 6 bits5 bits5 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

E
x
t
e
n
d

32

 Design Instruction Fetch WITH delay slot
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Step 1a: The MIPS-lite Subset for today

° ADD and SUB
• addU rd, rs, rt
• subU rd, rs, rt

° OR Immediate:
• ori  rt, rs, imm16

° LOAD and STORE Word
• lw rt, rs, imm16
• sw rt, rs, imm16

° BRANCH:
• beq rs, rt, imm16

op rs rt rd shamt funct
061116212631

6 bits 6 bits5 bits5 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

op rs rt immediate
016212631

6 bits 16 bits5 bits5 bits

op rs rt immediate
016212631
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On reset:
PC = 32’d0
NEWREG = 32’d4
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Part II - Design Toolkit
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Mid-term, Part II:  Design Toolkit

1 10

2 15

3 10

4 10

5 15

6 15

7 10

8 15

Tot 100

# Points

Specify an FPGA 
routing net that 
minimizes a 
critical path.

Use Amdahl’s Law 
to evaluate a 
parallel program

Given a state machine, specify a test method.

Might be several “design toolkit” 
problems this year ... or not ...Compare energy 

use of several 
CPU system 
designs.

 Typical Topics
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Mid-term, Part II:  How to do well ...
No memorization: if we 
ask about Amdahl’s 
Law, we will show its 
definition lecture slide.

Understanding is 
needed: A problem may 
require you to apply 
equation to a design, etc.
You may need to do: 
algebra, simple calculus 
(ex: maximize f(x)), add a 
few numbers by hand, etc.Note: no calculators permitted.
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Q4: Interpreting Schmoo Plots ...

4 Energy (10 points)

Below, we show the Schmoo plot for a processor, and remind you of the defini-
tions of power and energy.

In this problem, the processor characterized by the Schmoo plot is used in a
system along with support components that use K Watts of power. For example,
in a laptop, the support chips might consume 2 Watts. For this system, K = 2.

When the processor is running, the support components must stay on. A
CPU instruction may be used to turn the processor and the support components
o!. When o!, the processor and the support components both use no power at
all.

A “Schmoo” plot for a Cell SPU ...
1

2
C VddE1->0= 

21

2
C VddE0->1= 

2
The energy equations:

Operating 
point POperating 

point Q

Operating point R Each square shows chip 
temperature (C) and power (W)

1 Joule of energy is dissipated by a 1 Amp current 

flowing through a 1 Ohm resistor for 1 second.

Also, 1 Joule of energy is 1 Watt (1 amp 
into 1 ohm) dissipating for 1 second.
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A “Schmoo” plot for a Cell SPU ...
1

2
C VddE1->0= 

21

2
C VddE0->1= 

2
The energy equations:

Operating 
point POperating 

point Q

Operating point R Each square shows chip 
temperature (C) and power (W)

1 Joule of energy is dissipated by a 1 Amp current 
flowing through a 1 Ohm resistor for 1 second.

Also, 1 Joule of energy is 1 Watt (1 amp 
into 1 ohm) dissipating for 1 second.
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Q4: Part A ...

Question 4a (4 points). Di!erent systems may have di!erent values of K.
For example, the support chips for a laptop design may consume 2 Watts (K =
2), while the support chips for a desktop design may consume 7 Watts (K = 7).

A program runs twice as fast at Operating Point P than at Operating Point
Q. The last instruction of the program turns o! power to the processor and its
support chips. For what range of value for K does (1) operating point P use
the lowest amount of energy to run the program (2) operating point Q use the
lowest amount of energy to run the program (3) the two operating points use
the same amount of energy?

Answer: We assume operating point Q takes t seconds to run, and operating
point P takes t/2 seconds to run. Given this definition, and the numbers in the
Schmoo chart, we deduce:

Total P energy = (t/2)(K + 10)

Total Q energy = (t)(K + 5)

For part (1) of this question, we solve the inequality:

Total P energy < Total Q energy

(t/2)(K + 10) < (t)(K + 5)

(K + 10) < (2K + 10)

K < 2K

Since for all positive K this inequality holds, the answer to (1) is “all K greater
than 0”. Using the same technique, we discover the answer to (2) is “never”
(as K would need to be negative, which is impossible, unless we have an energy
source), and the answer to (3) is “if K is equal to 0”.

Operating point P: 1.3 V, 4.8 GHz, 10 W.

Operating point Q: 1.3 V, 2.4 GHz, 5 W. 

36



Q4: Part A answer

Question 4a (4 points). Di!erent systems may have di!erent values of K.
For example, the support chips for a laptop design may consume 2 Watts (K =
2), while the support chips for a desktop design may consume 7 Watts (K = 7).

A program runs twice as fast at Operating Point P than at Operating Point
Q. The last instruction of the program turns o! power to the processor and its
support chips. For what range of value for K does (1) operating point P use
the lowest amount of energy to run the program (2) operating point Q use the
lowest amount of energy to run the program (3) the two operating points use
the same amount of energy?

Answer: We assume operating point Q takes t seconds to run, and operating
point P takes t/2 seconds to run. Given this definition, and the numbers in the
Schmoo chart, we deduce:

Total P energy = (t/2)(K + 10)

Total Q energy = (t)(K + 5)

For part (1) of this question, we solve the inequality:

Total P energy < Total Q energy

(t/2)(K + 10) < (t)(K + 5)

(K + 10) < (2K + 10)

K < 2K

Since for all positive K this inequality holds, the answer to (1) is “all K greater
than 0”. Using the same technique, we discover the answer to (2) is “never”
(as K would need to be negative, which is impossible, unless we have an energy
source), and the answer to (3) is “if K is equal to 0”.
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Q4: Part B ...

Question 4b (6 points). A program runs twice as fast at Operating Point P
than at Operating Point R. The last instruction of the program turns o! power
to the processor and its support chips. For what values of K does (1) operating
point P use the lowest amount of energy to run the program (2) operating point
R use the lowest amount of energy to run the program (3) the two operating
points use the same amount of energy? Draw a box around your final answer,
which should be in three parts (an answer for (1), an answer to (2), an answer
for (3)).

Answer: We assume operating point R takes t seconds to run, and operating
point P takes t/2 seconds to run. Given this definition, and the numbers in the
Schmoo chart, we deduce:

Total P energy = (t/2)(K + 10)

Total R energy = (t)(K + 1)

For part (1) of this question, we solve the inequality:

Total P energy < Total R energy

(t/2)(K + 10) < (t)(K + 1)

(K + 10) < (2K + 2)

K > 8

Thus, the answer to (1) is “all K greater than 8”. Using the same technique,
we discover the answer to (2) is “all K less than 8”, and the answer to (3) “if K
is equal to 8”.

Operating point P: 1.3 V, 4.8 GHz, 10 W.

Operating point R: 0.9 V, 2.4 GHz, 1 W. 

Operating point Q: 1.3 V, 2.4 GHz, 5 W. 
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Q4: Part B answer

Question 4b (6 points). A program runs twice as fast at Operating Point P
than at Operating Point R. The last instruction of the program turns o! power
to the processor and its support chips. For what values of K does (1) operating
point P use the lowest amount of energy to run the program (2) operating point
R use the lowest amount of energy to run the program (3) the two operating
points use the same amount of energy? Draw a box around your final answer,
which should be in three parts (an answer for (1), an answer to (2), an answer
for (3)).

Answer: We assume operating point R takes t seconds to run, and operating
point P takes t/2 seconds to run. Given this definition, and the numbers in the
Schmoo chart, we deduce:

Total P energy = (t/2)(K + 10)

Total R energy = (t)(K + 1)

For part (1) of this question, we solve the inequality:

Total P energy < Total R energy

(t/2)(K + 10) < (t)(K + 1)

(K + 10) < (2K + 2)

K > 8

Thus, the answer to (1) is “all K greater than 8”. Using the same technique,
we discover the answer to (2) is “all K less than 8”, and the answer to (3) “if K
is equal to 8”.
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Part III - Pipelining
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Mid-term, Part III:  Pipelining

1 10

2 15

3 10

4 10

5 15

6 15

7 10

8 15

Tot 100

# Points

Analyze the 
impact of a 
structural hazard 
on a pipeline.
Visualize the 
behavior of a 
novel forwarding 
network.
Show control signals for a forwarding network.

Visualize the 
necessary stalls in 
a pipelined CPU 
with no interlocks.

 Typical Topics
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Mid-term, Part III:  How to do well ...
Understand all parts of 
all three lectures.

Understand your Lab 3 
preliminary design doc.

Understand the HW 1 
pipeline solutions.

There will not be “you can 
only get it if you read the 
book” problems ... but the 
reading helps you with the 
3 “understands” above.

42



UC Regents Fall 2006 © UCBCS 152 L10: Midterm I Review

A (simplified) 5-stage pipelined CPU

rd1

RegFile

rd2

WE
wd

rs1

rs2

ws

D

PC

Q

+

0x4

Addr Data

Instr

Mem

Ext

IR IR

B

A

M

Instr Fetch

“IF” Stage “ID/RF” Stage

Decode & Reg Fetch

1 2

“EX” Stage
Execution

32A

L

U

32

32

op

IR

Y

M

3

IR

Dout

Data Memory

WE

Din

Addr

MemToReg

R

“MEM” Stage
Memory

WE, MemToReg

4
WB
5

Write
Back

Mux,Logic

Welcome to Lab 3!
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Pipeline Representation #1: Timeline

D

PC

Q

+

0x4

Addr Data

Instr

Mem

IR IR

IF (Fetch) ID (Decode) EX (ALU)

IR IR

MEM WB

ADD R4,R3,R2

OR  R7,R6,R5

SUB R1,R9,R8
XOR R3,R2,R1

AND R6,R5,R4
I1:
I2:
I3:
I4:
I5:

Sample Program

IF ID

IF

EX

ID

IF

MEM

EX

ID

IF

WB

MEM

EX

IF
ID

WB

MEM

ID
EX

IF

WB

EX
MEM

ID
MEM
WB

EXPipeline 
is “full”

Good for visualizing pipeline fills.

I1:
I2:
I3:
I4:
I5:

t1 t2 t3 t4 t5 t6 t7 t8Time:
Inst

I6:

44



UC Regents Fall 2006 © UCBCS 152 L10: Midterm I Review

Pipeline 
is “full”

Good for visualizing pipeline stalls.

Representation #2: Resource Usage

D

PC

Q

+

0x4

Addr Data

Instr

Mem

IR IR IR IR

ADD R4,R3,R2

OR  R7,R6,R5

SUB R1,R9,R8
XOR R3,R2,R1

AND R6,R5,R4
I1:
I2:
I3:
I4:
I5:

Sample Program

I1 I2

I1

I3

I2

I1

I4

I3

I2

I1

I5

I4

I3

I1
I2

IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8Time:
Stage

IF (Fetch) ID (Decode) EX (ALU) MEM WB

I5

I4

I2
I3

I6

I5

I3
I4

I6

I7

I4
I5

I6

I7

I8
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Q5: Visualizing Stalls and Kills5 Visualizing Stalls and Kills (15 points)

On the next page, we show the simple 5-stage MIPS pipelined processor from
Lecture 4-1. This processor does not have forwarding paths and muxes, and
does not have a comparator ALU for branches. The processor does have the
ability to stall and to kill instructions at each stage of the pipeline. For clarity,
we do not show the register enable signals and NOP muxes that support stalls
and kills.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, but load instructions do NOT have
load delay slot (thus, if a load instruction writes a register R6, the CPU must
provide the updated register value for R6 in running the next instruction that
executes after the load).

On the next page, we also show a short machine language program that we
wish to run on the processor. The controller for the CPU meets the programmers
contract while minimally impacting performance (for example, stalls do not
occur for more cycles than necessary for meeting the contract, and instructions
are killed as soon as it is possible to know a kill is needed, given the pipeline
shown).

In the visualization diagram below the program, draw in the instruction (I1,
I2, etc) that occurs in each pipeline stage for each time tick, assuming that I1
appears in IF at clock tick t1. Use the symbol N for a stage that holds a NOP.
Work out you answers in the margins before writing (neatly) into the diagram
itself.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.

5 Visualizing Stalls and Kills (15 points)

On the next page, we show the simple 5-stage MIPS pipelined processor from
Lecture 4-1. This processor does not have forwarding paths and muxes, and
does not have a comparator ALU for branches. The processor does have the
ability to stall and to kill instructions at each stage of the pipeline. For clarity,
we do not show the register enable signals and NOP muxes that support stalls
and kills.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, but load instructions do NOT have
load delay slot (thus, if a load instruction writes a register R6, the CPU must
provide the updated register value for R6 in running the next instruction that
executes after the load).

On the next page, we also show a short machine language program that we
wish to run on the processor. The controller for the CPU meets the programmers
contract while minimally impacting performance (for example, stalls do not
occur for more cycles than necessary for meeting the contract, and instructions
are killed as soon as it is possible to know a kill is needed, given the pipeline
shown).

In the visualization diagram below the program, draw in the instruction (I1,
I2, etc) that occurs in each pipeline stage for each time tick, assuming that I1
appears in IF at clock tick t1. Use the symbol N for a stage that holds a NOP.
Work out you answers in the margins before writing (neatly) into the diagram
itself.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.

5 Visualizing Stalls and Kills (15 points)

On the next page, we show the simple 5-stage MIPS pipelined processor from
Lecture 4-1. This processor does not have forwarding paths and muxes, and
does not have a comparator ALU for branches. The processor does have the
ability to stall and to kill instructions at each stage of the pipeline. For clarity,
we do not show the register enable signals and NOP muxes that support stalls
and kills.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, but load instructions do NOT have
load delay slot (thus, if a load instruction writes a register R6, the CPU must
provide the updated register value for R6 in running the next instruction that
executes after the load).

On the next page, we also show a short machine language program that we
wish to run on the processor. The controller for the CPU meets the programmers
contract while minimally impacting performance (for example, stalls do not
occur for more cycles than necessary for meeting the contract, and instructions
are killed as soon as it is possible to know a kill is needed, given the pipeline
shown).

In the visualization diagram below the program, draw in the instruction (I1,
I2, etc) that occurs in each pipeline stage for each time tick, assuming that I1
appears in IF at clock tick t1. Use the symbol N for a stage that holds a NOP.
Work out you answers in the margins before writing (neatly) into the diagram
itself.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.

5 Visualizing Stalls and Kills (15 points)

On the next page, we show the simple 5-stage MIPS pipelined processor from
Lecture 4-1. This processor does not have forwarding paths and muxes, and
does not have a comparator ALU for branches. The processor does have the
ability to stall and to kill instructions at each stage of the pipeline. For clarity,
we do not show the register enable signals and NOP muxes that support stalls
and kills.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, but load instructions do NOT have
load delay slot (thus, if a load instruction writes a register R6, the CPU must
provide the updated register value for R6 in running the next instruction that
executes after the load).

On the next page, we also show a short machine language program that we
wish to run on the processor. The controller for the CPU meets the programmers
contract while minimally impacting performance (for example, stalls do not
occur for more cycles than necessary for meeting the contract, and instructions
are killed as soon as it is possible to know a kill is needed, given the pipeline
shown).

In the visualization diagram below the program, draw in the instruction (I1,
I2, etc) that occurs in each pipeline stage for each time tick, assuming that I1
appears in IF at clock tick t1. Use the symbol N for a stage that holds a NOP.
Work out you answers in the margins before writing (neatly) into the diagram
itself.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.
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Note: no forwarding muxes, no “==” ID ALU

rd1

RegFile

rd2

WE
wd

rs1

rs2

ws

D

PC

Q

+

0x4

Addr Data

Instr

Mem

Ext

IR IR

B

A

M

Instr Fetch

“IF” Stage “ID” Stage

Decode & Reg Fetch

1 2

“EX” Stage
Execution

32A

L

U

32

32

op

IR

Y

M

3

IR

Dout

Data Memory

WE

Din

Addr

MemToReg

R

“MEM” Stage
Memory

WE, MemToReg

4
WB
5

Write
Back

Mux,Logic

To branch 
logic
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OR R5,R1,R2

OR R7,R5,R6

BEQ R6,R5,I7

LW  R3 0(R5)

OR R6,R1,R2
I1:
I2:
I3:
I4:
I5:

Program

IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

OR R6,R0,R3
OR R5,R0,R1

OR R0,R3,R7I6:
I7:
I8:

t13

I1
I1

I1
I1

I1

OR R11,R9,R9I9:

Notes:

In BEQ, the I7 denotes the branch target 
instruction (if the branch is taken).  Look at 
the code to figure out if branch is taken or not.

Use N to denote a stage with a muxed-in 
NOP instruction.

OR R12,R9,R9I10:

Fill out the table until all slots of t13 are 
filled in.  Do not add and fill in t14, t15, etc. 
We filled in I1 to get you started.
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OR R5,R1,R2

OR R7,R5,R6

BEQ R6,R5,I7

LW  R3 0(R5)

OR R6,R1,R2
I1:
I2:
I3:
I4:
I5:

Program

IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

OR R6,R0,R3
OR R5,R0,R1

OR R0,R3,R7I6:
I7:
I8:

t13

I1
I1
I2

I1
I2
I3

I1
I2
I3
I4

I1
I2

I3
I4

N

I2

I3
I4

N
N

I3
N

N
N

I4

I3

N
N

I4
I5

I3
N

I4

I7
N

I4

N
N

I7
I8

N
N

I7
N

I8

OR R11,R9,R9I9:

N

I7
N

I8
I9

Notes:

In BEQ, the I7 denotes the branch target 
instruction (if the branch is taken).  Look at 
the code to figure out if branch is taken or not.

Use N to denote a stage with a muxed-in 
NOP instruction.

Fill out the table until all slots of t13 are 
filled in.  Do not add and fill in t14, t15, etc. 
We filled in I1 to get you started. OR R12,R9,R9I10:

I3
I4
N

I8
I7
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Q6: Unified Memory and Pipelines6 Unified Memory and Pipelines (15 points)

On the next page, we show a simple 5-stage MIPS pipelined processor. However,
a single memory (in stage 1) is used for both instruction and data memory. As
usual, this memory supports combinational reads and clocked writes, on the
positive edge.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, and load instructions have a load
delay slot (for this problem, defined as “the processor is under no obligation to
supply the register value written by a load instruction to the next instruction
that executes after the load”).

This design creates a structural hazard. The controller solves this hazard by
always giving a load or store instruction in the MEM stage access to the unified
memory, forcing instruction fetches to wait for the next free cycle. During this
cycle, the IF stage itself holds a NOP.

Whenever permitted by the programmers contract, the controller lets in-
structions flow through the pipeline without stalls. Only when necessary, the
controller stalls the pipeline, by muxing a NOP into the stage following the stall.
The controller is also able to kill instructions, including the NOP instruction
that appears in the IF stage during a memory hazard. The controller chooses
to stall or kill in each stage in order to optimize the average number of cycles
per instruction while fulfilling the programmer’s contract.

In the visualization diagram below the program on the next page, draw in
the instruction (I1, I2, etc) that occurs in each pipeline stage for each time tick
for the program, assuming that I1 appears in IF at clock tick t1. Use the symbol
N for a stage that holds a NOP.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.

6 Unified Memory and Pipelines (15 points)

On the next page, we show a simple 5-stage MIPS pipelined processor. However,
a single memory (in stage 1) is used for both instruction and data memory. As
usual, this memory supports combinational reads and clocked writes, on the
positive edge.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, and load instructions have a load
delay slot (for this problem, defined as “the processor is under no obligation to
supply the register value written by a load instruction to the next instruction
that executes after the load”).

This design creates a structural hazard. The controller solves this hazard by
always giving a load or store instruction in the MEM stage access to the unified
memory, forcing instruction fetches to wait for the next free cycle. During this
cycle, the IF stage itself holds a NOP.

Whenever permitted by the programmers contract, the controller lets in-
structions flow through the pipeline without stalls. Only when necessary, the
controller stalls the pipeline, by muxing a NOP into the stage following the stall.
The controller is also able to kill instructions, including the NOP instruction
that appears in the IF stage during a memory hazard. The controller chooses
to stall or kill in each stage in order to optimize the average number of cycles
per instruction while fulfilling the programmer’s contract.

In the visualization diagram below the program on the next page, draw in
the instruction (I1, I2, etc) that occurs in each pipeline stage for each time tick
for the program, assuming that I1 appears in IF at clock tick t1. Use the symbol
N for a stage that holds a NOP.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.

6 Unified Memory and Pipelines (15 points)

On the next page, we show a simple 5-stage MIPS pipelined processor. However,
a single memory (in stage 1) is used for both instruction and data memory. As
usual, this memory supports combinational reads and clocked writes, on the
positive edge.

The programmers contract for this processor indicates that all branch and
jump instructions have a single delay slot, and load instructions have a load
delay slot (for this problem, defined as “the processor is under no obligation to
supply the register value written by a load instruction to the next instruction
that executes after the load”).

This design creates a structural hazard. The controller solves this hazard by
always giving a load or store instruction in the MEM stage access to the unified
memory, forcing instruction fetches to wait for the next free cycle. During this
cycle, the IF stage itself holds a NOP.

Whenever permitted by the programmers contract, the controller lets in-
structions flow through the pipeline without stalls. Only when necessary, the
controller stalls the pipeline, by muxing a NOP into the stage following the stall.
The controller is also able to kill instructions, including the NOP instruction
that appears in the IF stage during a memory hazard. The controller chooses
to stall or kill in each stage in order to optimize the average number of cycles
per instruction while fulfilling the programmer’s contract.

In the visualization diagram below the program on the next page, draw in
the instruction (I1, I2, etc) that occurs in each pipeline stage for each time tick
for the program, assuming that I1 appears in IF at clock tick t1. Use the symbol
N for a stage that holds a NOP.

Recall that in MIPS, R0 is hardwired to 0. The register file in this imple-
mentation implements R0 as a ROM that cannot be overwritten by writing to
R0. See the handouts for the syntax and semantics of the instructions used in
the program.
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rd1

RegFile

rd2

WE
wd

rs1

rs2

ws

Ext

IR IR

B

A

M

Instr Fetch

“IF” Stage “ID/RF” Stage

Decode & Reg Fetch

1 2

“EX” Stage
Execution

32A

L

U

32

32

op

IR

Y

M

3

IR

R

“MEM” Stage
Memory

WE, MemToReg

4
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5

Write
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32
Dout

Data Memory

WE32

Din
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MemToReg
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PC 
update 

logic not 
shown

NOP mux 
into IR not 

shown

To branch 
logic
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LW R1, 0(R0)I1:
I2:
I3:
I4:

Program

IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

I7:

t13

LW R2, 0(R1)

LW R3, 0(R1)
LW R4, 0(R3)

OR R5,R6,R5

Policy: Data reads and writes 
take precedence over 
instruction fetches.

I1
I1

I1

I1

I5: LW R5, 0(R3)

I6: LW R6, 0(R4)

I1

Use N to denote a stage holding a NOP.

Fill out the table until all slots of t13 are 
filled in.  Do not add and fill in t14, t15, etc. 
We filled in I1 to get you started.
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LW R1, 0(R0)I1:
I2:
I3:
I4:

Program

IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12

I7:

t13

LW R2, 0(R1)

LW R3, 0(R1)
LW R4, 0(R3)

OR R5,R6,R5

Policy: Data reads and writes 
take precedence over 
instruction fetches.

I1

I5: LW R5, 0(R3)

I6: LW R6, 0(R4)

I1
I2

I1

I2
I3 N

I2
I1

I3

I1

N

I2

I3
N

I2

I3

N
N

I4

N
N
I3
I4
I5

N
I3

N

I4
I5

I3
I4

N

I5
N

I4

I5

N
N

I6

I5

N
N

I6

I7

I5
N

N

I6
I7

I5
I6

N

I7
N

Fill out the table until all slots of t13 are 
filled in.  Do not add and fill in t14, t15, etc. 
We filled in I1 to get you started.

Use N to denote a stage holding a NOP.
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Q7: Forwarding Networks7 Forwarding Networks (10 points)

On the next page, we show a 5-stage MIPS pipelined processor with a complete
forwarding network, and an ID-stage comparator for branches. The program-
mer’s contract for the machine specifies no load delay slot and one branch delay
slot.

On the next page, we also show a machine language program, and a visu-
alization diagram. Fill in the visualization diagram that correctly meets the
programmer’s contract, assuming that instruction I1 enters the IF stage at time
t1. Add stalls ONLY if they are necessary, given the machine specification for
this problem.

Note that each input to the two forwarding muxes is labelled with a number.
The visualization diagram has two extra rows, A# and M#. For each time tick
tk, fill in these rows with the mux input that must be selected so that the
clock edge at time tk+1 clocks in the right data value to meet the programmer’s
contract.

For A#, each column should be filled in with 1,2,3,4, or X (don’t care). For
M#, each column should be filled in with 1,2,3,5, or X (don’t care). A value
that is “don’t care” but which is filled in with a number will get zero credit.

7 Forwarding Networks (10 points)

On the next page, we show a 5-stage MIPS pipelined processor with a complete
forwarding network, and an ID-stage comparator for branches. The program-
mer’s contract for the machine specifies no load delay slot and one branch delay
slot.

On the next page, we also show a machine language program, and a visu-
alization diagram. Fill in the visualization diagram that correctly meets the
programmer’s contract, assuming that instruction I1 enters the IF stage at time
t1. Add stalls ONLY if they are necessary, given the machine specification for
this problem.

Note that each input to the two forwarding muxes is labelled with a number.
The visualization diagram has two extra rows, A# and M#. For each time tick
tk, fill in these rows with the mux input that must be selected so that the
clock edge at time tk+1 clocks in the right data value to meet the programmer’s
contract.

For A#, each column should be filled in with 1,2,3,4, or X (don’t care). For
M#, each column should be filled in with 1,2,3,5, or X (don’t care). A value
that is “don’t care” but which is filled in with a number will get zero credit.

7 Forwarding Networks (10 points)

On the next page, we show a 5-stage MIPS pipelined processor with a complete
forwarding network, and an ID-stage comparator for branches. The program-
mer’s contract for the machine specifies no load delay slot and one branch delay
slot.

On the next page, we also show a machine language program, and a visu-
alization diagram. Fill in the visualization diagram that correctly meets the
programmer’s contract, assuming that instruction I1 enters the IF stage at time
t1. Add stalls ONLY if they are necessary, given the machine specification for
this problem.

Note that each input to the two forwarding muxes is labelled with a number.
The visualization diagram has two extra rows, A# and M#. For each time tick
tk, fill in these rows with the mux input that must be selected so that the
clock edge at time tk+1 clocks in the right data value to meet the programmer’s
contract.

For A#, each column should be filled in with 1,2,3,4, or X (don’t care). For
M#, each column should be filled in with 1,2,3,5, or X (don’t care). A value
that is “don’t care” but which is filled in with a number will get zero credit. 54
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Mux,Logic

Forwarding muxes, with numbers inputs

rd1

RegFile

rd2

WE
wd

rs1

rs2

ws

Ext

IR IR

H

A

M

32A

L

U

32

32

op

IR

Y

M

IR

Dout

Data Memory

WE

Din

Addr

MemToReg

R

ID (Decode) EX MEM WB

From 
WB

1 2 3

4

5

1
2
3
4

1
2
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5

==

From mux 
outputs

To branch logic
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IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10

A#:
M#:

(1) Fill in IF/ID/EX/MEM/WB rows with instruction 
number (I1, I2, etc) or N for a stage that holds a NOP.

(2) Fill in A# with the selected input of the mux 
driving the A register needed to fulfill the 
programmers contract (1,2,3, 4, or X for don’t care).
(3) Fill in M# with the selected input of the mux driving 
the M register needed to fulfill the programmers 
contract (1,2,3, 5, or X for don’t care).

OR R4,R1,R2
OR R3,R5,R4

LW  R3 0(R3)

OR R5,R1,R4I1:
I2:
I3:
I4:
I5:

Program

OR R6,R9,R3
OR R3,R3,R9

I6:
I7:
I8:

OR R9,R6,R3I9:
OR R3,R6,R6I10:

OR R3,R1,R2
BEQ R3,R4,I8

I1

I1
I1

I1
I1

X
X X

X

OR ws,rs1,rs2
BEQ rs1, rs2, branch target label

LW ws,imm(rs1)
Opcodes to datapath mapping:
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IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10

A#:
M#:

(1) Fill in IF/ID/EX/MEM/WB rows with instruction 
number (I1, I2, etc) or N for a stage that holds a NOP.

(2) Fill in A# with the selected input of the mux 
driving the A register needed to fulfill the 
programmers contract (1,2,3, 4, or X for don’t care).
(3) Fill in M# with the selected input of the mux driving 
the M register needed to fulfill the programmers 
contract (1,2,3, 5, or X for don’t care).

OR R4,R1,R2
OR R3,R5,R4

LW  R3 0(R3)

OR R5,R1,R4I1:
I2:
I3:
I4:
I5:

Program

OR R6,R9,R3
OR R3,R3,R9

I6:
I7:
I8:

OR R9,R6,R3I9:
OR R3,R6,R6I10:

OR R3,R1,R2
BEQ R3,R4,I8

I1

X
X X

X

I1

I2

5
4

I1
I2

I3

5
4

I1
I2
I3

I4

2
1

I1
I2
I3
I4

I5

5
4

I2
I3
I4
I5

I6

1
3

I3
I4
I5
I6

I8

X
2

I4
I5
I6
I8
I9

X
X

I5
I6

I8
I9

N

2
5

I6

I8

I10
I9

N

4
1

OR ws,rs1,rs2
BEQ rs1, rs2, branch target label

LW ws,imm(rs1)
Opcodes to datapath mapping:
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Q8: Forwarding Through Registers
8 Forwarding Through Registers (15 points)

On the next page, we show a 5-stage MIPS pipelined processor with a novel
forwarding network. The processor has one branch delay slot and no load delay
slot. As usual, the register file supports combinational reads and posedge clocked
writes.

We also show a machine language program and a visualization diagram. If
the forwarding network is used cleverly, it is possible for this CPU to execute
this instruction stream stall-free while maintaining the programmers contract.
Thus, we have filled out the top part of the visualization diagram with a stall-
free pattern.

Note that each input to the three forwarding muxes is labelled with a num-
ber. The visualization diagram has three extra rows, one for each mux. For
each time tick tk, fill in these rows with the mux input that must be selected
so that the clock edge at time tk+1 clocks in the right data value to meet the
programmer’s contract. See the comments on the visualization slide for details
about these mux signals. Filling in the visualization slide perfectly counts for
12 points of this problem.

For the remaining 3 points, answer the question that follows.
For (at least) one of the “OR RX, RY, RZ” commands in the program, it is

possible to change RY or RZ to a di!erent register number, in such a way that
it becomes impossible to use the forwarding network to execute the instruction
stream in a stall-free way. What is the label of this instruction (I1 . . . I9), and
how should the instruction be changed to make stall-free execution impossible?
Write your answer below.

Answer: The label is I8. If this instruction is changed to be:

I8 : OR R7 R3 R9

a stall is impossible to avoid.

8 Forwarding Through Registers (15 points)

On the next page, we show a 5-stage MIPS pipelined processor with a novel
forwarding network. The processor has one branch delay slot and no load delay
slot. As usual, the register file supports combinational reads and posedge clocked
writes.

We also show a machine language program and a visualization diagram. If
the forwarding network is used cleverly, it is possible for this CPU to execute
this instruction stream stall-free while maintaining the programmers contract.
Thus, we have filled out the top part of the visualization diagram with a stall-
free pattern.

Note that each input to the three forwarding muxes is labelled with a num-
ber. The visualization diagram has three extra rows, one for each mux. For
each time tick tk, fill in these rows with the mux input that must be selected
so that the clock edge at time tk+1 clocks in the right data value to meet the
programmer’s contract. See the comments on the visualization slide for details
about these mux signals. Filling in the visualization slide perfectly counts for
12 points of this problem.

For the remaining 3 points, answer the question that follows.
For (at least) one of the “OR RX, RY, RZ” commands in the program, it is

possible to change RY or RZ to a di!erent register number, in such a way that
it becomes impossible to use the forwarding network to execute the instruction
stream in a stall-free way. What is the label of this instruction (I1 . . . I9), and
how should the instruction be changed to make stall-free execution impossible?
Write your answer below.

Answer: The label is I8. If this instruction is changed to be:

I8 : OR R7 R3 R9

a stall is impossible to avoid.
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IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13

A#:
M#:

Fill in A# with the selected input of the mux driving 
the A register needed to fufill the programmers 
contract (3, 4, or X for don’t care).
Fill in M# with the selected input of the mux driving 
the M register needed to fufill the programmers 
contract (3, 5, or X for don’t care).

wd:

Fill in wd with the selected input of the mux driving 
the wd register file input (1, 2, 3, or X for “don’t care
because there is no write this cycle”)

OR R8,R3,R5
OR R7,R8,R5

OR R5,R1,R2I1:
I2:
I3:
I4:
I5:

Program

OR R9,R8,R7
OR R3,R9,R7I6:

I7:
I8:

OR R2,R4,R3

I9:
OR R7,R3,R4

LW R4 0(R8)

OR R5,R7,R9

I1
I1

I1
I1

I1

I2 I3 I4 I5 I6 I7 I8 I9
I2

I2
I2

I2

I3
I3

I3
I3

I4
I4

I4
I4

I5
I5

I5
I5

I6 I7 I8 I9
I6 I7 I8 I9

I6 I7 I8 I9
I6 I7 I8 I9

OR ws,rs1,rs2Opcodes to datapath mapping:

X
X

X
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IF:
ID:
EX:
MEM:
WB:

t1 t2 t3 t4 t5 t6 t7 t8 t9 t10 t11 t12 t13

A#:
M#:

Fill in A# with the selected input of the mux driving 
the A register needed to fufill the programmers 
contract (3, 4, or X for don’t care).
Fill in M# with the selected input of the mux driving 
the M register needed to fufill the programmers 
contract (3, 5, or X for don’t care).

wd:

Fill in wd with the selected input of the mux driving 
the wd register file input (1, 2, 3, or X for “don’t care
because there is no write this cycle”)

OR R8,R3,R5
OR R7,R8,R5

OR R5,R1,R2I1:
I2:
I3:
I4:
I5:

Program

OR R9,R8,R7
OR R3,R9,R7I6:

I7:
I8:

OR R2,R4,R3

I9:
OR R7,R3,R4

LW R4 0(R8)

OR R5,R7,R9

I1
I1

I1
I1

I1

I2 I3 I4 I5 I6 I7 I8 I9
I2

I2
I2

I2

I3
I3

I3
I3

I4
I4

I4
I4

I5
I5

I5
I5

I6 I7 I8 I9
I6 I7 I8 I9

I6 I7 I8 I9
I6 I7 I8 I9

Opcodes to datapath mapping:

X
X

X

4
5
X

3
4

3

3
5
3

4
X
3

4
5
X

3
5
2

4
3
3

4
5
1

3
5

OR ws,rs1,rs2 LW ws,imm(rs1)
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Q8: Forwarding Through Registers

8 Forwarding Through Registers (15 points)

On the next page, we show a 5-stage MIPS pipelined processor with a novel
forwarding network. The processor has one branch delay slot and no load delay
slot. As usual, the register file supports combinational reads and posedge clocked
writes.

We also show a machine language program and a visualization diagram. If
the forwarding network is used cleverly, it is possible for this CPU to execute
this instruction stream stall-free while maintaining the programmers contract.
Thus, we have filled out the top part of the visualization diagram with a stall-
free pattern.

Note that each input to the three forwarding muxes is labelled with a num-
ber. The visualization diagram has three extra rows, one for each mux. For
each time tick tk, fill in these rows with the mux input that must be selected
so that the clock edge at time tk+1 clocks in the right data value to meet the
programmer’s contract. See the comments on the visualization slide for details
about these mux signals. Filling in the visualization slide perfectly counts for
12 points of this problem.

For the remaining 3 points, answer the question that follows.
For (at least) one of the “OR RX, RY, RZ” commands in the program, it is

possible to change RY or RZ to a di!erent register number, in such a way that
it becomes impossible to use the forwarding network to execute the instruction
stream in a stall-free way. What is the label of this instruction (I1 . . . I9), and
how should the instruction be changed to make stall-free execution impossible?
Write your answer below.

Answer: The label is I8. If this instruction is changed to be:

I8 : OR R7 R3 R9

a stall is impossible to avoid.

8 Forwarding Through Registers (15 points)

On the next page, we show a 5-stage MIPS pipelined processor with a novel
forwarding network. The processor has one branch delay slot and no load delay
slot. As usual, the register file supports combinational reads and posedge clocked
writes.

We also show a machine language program and a visualization diagram. If
the forwarding network is used cleverly, it is possible for this CPU to execute
this instruction stream stall-free while maintaining the programmers contract.
Thus, we have filled out the top part of the visualization diagram with a stall-
free pattern.

Note that each input to the three forwarding muxes is labelled with a num-
ber. The visualization diagram has three extra rows, one for each mux. For
each time tick tk, fill in these rows with the mux input that must be selected
so that the clock edge at time tk+1 clocks in the right data value to meet the
programmer’s contract. See the comments on the visualization slide for details
about these mux signals. Filling in the visualization slide perfectly counts for
12 points of this problem.

For the remaining 3 points, answer the question that follows.
For (at least) one of the “OR RX, RY, RZ” commands in the program, it is

possible to change RY or RZ to a di!erent register number, in such a way that
it becomes impossible to use the forwarding network to execute the instruction
stream in a stall-free way. What is the label of this instruction (I1 . . . I9), and
how should the instruction be changed to make stall-free execution impossible?
Write your answer below.

Answer: The label is I8. If this instruction is changed to be:

I8 : OR R7 R3 R9

a stall is impossible to avoid.
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40
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Fall 05 Mid-term I Grade Distribution ...

A B C

It’s not about “absolute numbers” - the numerical 
cutoffs for Fall 06 will almost certainly be different. 

Example: “A” cutoff might be 90 instead of the 85 below.

If the “C” students didn’t exist, most (but not all) “B” 
students would still have “B”s on this exam, and most 

(but not all) “A” students would still have “A”s.
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UC Regents Fall 2006 © UCBCS 152 L10: Midterm I Review

Administrivia:  Mid-term I ...
Starts at 6PM in 306 Soda.  No class on Tuesday

Assigned seating: Look for 
your namecard on the desk.

Put bookbags and other 
personal belongings at the 
front of the room.

Put all electronic devices (cell 
phones, caclulators, PDAs, 
computers) at the front of the 
room.
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UC Regents Fall 2006 © UCBCS 152 L10: Midterm I Review

Administrivia:  Mid-term I ...

Just writing implements at 
your desk (pencils, pens, 
erasers, etc).

Test problems include useful 
information for the 
problems ...

 ... so, no “one sheet of paper” 
allowed for this test. You won’t 
be able to bring one to job 
interviews either ...

Starts at 6PM in 306 Soda.  No class on Tuesday
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UC Regents Fall 2006 © UCBCS 152 L10: Midterm I Review

Administrivia:  Mid-term I ...

Word answers may have “in 10 words or less”, “in 
20 words or less”, etc -- these will be enforced.  
This prevents “write everything I can think of, 
and hope something matches” strategy.

I will be grading the test personally.
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Admin: Team Evaluations due Thursday
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UC Regents Fall 2005 © UCBCS 152 L1:  The MIPS ISA

Grading: Peer and staff evaluations

Lab 
work

Midterm 
exams

HW

Evals

Peer 
evals: 

Teammates
grade each
other after
Labs 2, 3, 4.
Rewards good
“team players”

Staff
evals: 

TAs are
your
“managers”

They 
observe
how well
you work
on the 
team.
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CS 152 L9: Pipelining III UC Regents Fall 2006 © UCB

Admin: Design Document Deadlines
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Lab 3 design doc, checkoffs, later in week ...

After the mid-term: Labs go on ...
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UC Regents Fall 2006 © UCBCS 152 L10: Midterm I Review

Philosophy ...
Be smart about how you study. 
This lecture helps you do that.

Good luck!

Budget your time effectively between 
mid-term preparation and Lab 3.  
Don’t stop work on Lab 3 until Weds - 
your group will never make the Friday 
checkoff!
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