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Important ltems

O Project 1is out
1. Write an assembler to convert input (assembly language program) to
output (machine code version of program).
2. Write a behavioral simulator to run the machine code version of the
program (printing the contents of the registers and memory after each
instruction executes.

3. Write an efficient LC-2Kx assembly language program to multiply two
numbers.

O Where to start... Write some test cases to check your code

Program 1: halt Program 3:add 111
halt
Program 2: noop
halt Program4:nand 111
halt
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Recap (Assembly/Machine Code)

O Computers store program instructions the same way they store
data.

O Each instruction is encoded as a number
+  Opcode field: what instruction to perform.
*  Operand fields: what data to perform it on.

Assembly code add R2 3 R1
! ! ! !
Machine code 011011 010 011 001
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Recap (Storage)

.|
O Registers

«  Small array of storage locations in processor
+  Fastaccess

+  Direct addressing only

« digression: the PC register

a Memory
+  Large array of storage locations
+  Slow access
«  Many addressing modes (direct, indirect, reg. indirect, base + displacement)
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Recap (PC-relative addressing)

|

QO Variant on base + displacement

O PCregister is base, longer displacement possible since PC is
assumed implicitly

+  Used for branch instructions
- jump[-8];jump back 2 instructions
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Recap (Other Addressing Modes)

O Double indirect load r1, M [ M [ M[1900]]]

O Tagged indirect

«  Extra bit (high order?) determines when you have reached the end;
otherwise 1 more indirection taken.

- Used on IBM mainframes (why??)

Q Auto-increment load r1, M[ r2++]
«  Often useful (why??)
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Instruction Set Architecture (ISA) Design Lectures

O Lecture 2: Storage types and addressing modes
O Lecture 3: LC-2K and MIPS architecture
O Lecture 4: Converting C to assembly:
*  Data structures
*  Branch instructions
+  Calling functions / passing arguments
O Lecture 5: Translation software; libraries, VMs
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{c
LC-2Kx Processor 24'/0.94

O 32-bit processor
+ Instructions are 32 bits
+ Integer registers are 32 hits

O 8registers
O supports 65536 words of memory (addressable space)

QO 8instructions
« add, nand, Iw, sw, beq, jalr, halt, noop
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4c
Instruction Encoding 2*/6'4

Q Instruction set architecture defines the mapping of assembly
instructions to machine code

add 1 23 /[r3=r1+1r2

S T

31-25 24-22 21-19 18-16 15-3 2-0

unused | opcode | regA regB unused | destR
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{c
Instruction Formats 24'/0.94

O Positional organization of bits (Implies nothing about bit values!!!)

O Rtype instructions (add, nand)
31-25 2422 21-19 18-16 153 2-0

unused | opcode | regA regB unused | destR

O | type instructions (lw, sw, beq)

31-25 24-22 21-19 18-16 15-0
unused | opcode | regA regB offset
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4c
Bit Encodings 2*/6'4

O Opcode encodings

¢ add (000), nand (001), lw (010), sw (011), beq (100), jalr (101), halt (110),
noop (111)

O Register values
+  Just encode the register number (r2 = 010)

O Immediate values
« Just encode the values (Remember to give all the available bits a value!!)
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Example Encoding - nand

Q nand 3 4 7

(r7 =r3 nand r4)

3125  24-22 21-19 18-16 15-3 20
unused | opcode | regA regB unused | destR
0000000 001 011 100 0000000000000 111

Convert to Hex = 0x005C0007

Convert to Dec = 6029319
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4c
Example Encoding - lw 2*/6'4

a wb 2 -8 (r2=M[r5+-8])
3125 24-22 21-19 18-16 150
unused | opcode | regA regB offset
0000000 010 101 010 1111111111111000

Convert to Hex - 0x00AAFFF8
Convert to Dec = 11206648
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Mini-review: Representing Negative Numbers

O 2's complement representation

Positive numbers:

O© oo NOoO Ol b~ WwhN -

0000 0001
0000 0010
0000 0011
0000 0100
0000 0101
0000 0110
0000 0111
0000 1000
0000 1001

Negative numbers:

11111111
1111 1110
11111101
1111 1100
11111011
1111 1010
1111 1001
1111 1000
1111 0111

I T O
©O© oo NOo OoThs WwWN PP

Neg 15, #4
4 = 0000 0100
complement 1111 1011

+ 1
11111100 = -4
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Class Problem 1

|
0 Compute the encoding in Hex for:

e add 3 7 3 (3=r3+r7) (add=000)
e swl 567 (Mri+67]=r5) (sw=011)

31-25 2422 21-19 18-16 153 20
unused | opcode [ regA regB unused | destR
31-25 2422 21-19 18-16 150
unused | opcode | regA regB offset
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Mini-review: What is a shift ?

a CIC++

e azh>2 b=01101110

o c=d<<4

b = 00011011

a MIPS

o slr $3,$2,2

o sl $5%4,4
o LC2K
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MIPS Instruction Set

Q Three main types of instructions:

1. Arithmetic
- Add, subtract, multiply, divide
- Logical: and, or, shift, rotate, etc.
- Compare : equal, It, le, ne, etc.

2. Memory access
- Load, store

3. Sequencing / control flow
- Jump, branch, function call, return
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g
MIPS Arithmetic Instructions - type 1 /6:4

.|
O Format: three register operand fields

¢ eg, add $3, $4, $7

$3—g
Q C-code example: f=(g+h)-(i+]) %‘;—_fi‘
$6—j
add t0,g,h add  $1,$3 %4
add  tL,i, j add  $2,$5, $6
sub  f,10, t1 sub_ $7, 81,82
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Hpog
MIPS Arithmetic Instructions - type 2 /6:4

|
O Format: two register operand fields and an immediate constant

(16 bit)
¢ eg, addi $3, $4, 10
O C-code example: f=gx 10
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What About Immediates Larger Than 16 Bits?? "9/6:4

O Use 2 instructions
«  Load upper bits (load upper immediate, lui)
¢ Add in lower bits (add immediate, addi)

O C-code example: f = 0x10002

lui $7,1 | 0x10000 |
addi  $7,%7,2 0x10002
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MIPS Arithmetic Instructions - recap

g

abs rd, rs I/ absolute value

add rd, rs, rt Il 'add

addi rd, rs, imm I/ add immediate

and rd, rs, rt Il logical AND of bits

div rd, rs, rt I divide

mult rd, rs, rt Il multiply

neg rd, rs Il negate (pseudo-instruction)

nor rd, rs, rt Il logical NOR of bits

sll rd, rs, imm Il shift left logical

sub rd, rs, rt Il 'sub rt from rs

subi rd, rs, imm /I sub immediate from rs

stl rd, rs, imm I/ shift right logical

li rd, imm II'load immediate (pseudo-instruction)
Computer Organization © . Austin & M. papacfinymioy - 2009 22135
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Class Problem 2 "9/6:4
.|
a Show the C and MIPS assembly for extracting the value in bits
15:10 from a 32-hit integer variable

31-28 27-24 23-20 19-16 15-12 11-8 7-4 3-0

L

Want these hits

Remember each hex digit is 4 bits
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e
MIPS Memory Instructions "9/05'4

|
O Supports base + displacement mode only

« Base s aregister
«  Offsetis a 16-bit immediate

O Format: 2 registers (dest, base) and 16-bit immediate (offset)
+  Example:
lw $3, 1000(34) //load word
Retrieves 32-bit value from memory location ($4+1000) and puts the result
into $3

EECS 370: Introduction to The University of Michigan 24/35
Computer Organization © T. Austin & M. Papaefthymiou — 2009




Load Instruction Sizes

Y
cS‘/J. 0

How much data is retrieved from memory at the given address?

O Iw $3, 1000($4)
+  retrieve a word (32 bits) from address ($4+1000)

a Ih $3, 1000($4)

¢ retrieve a halfword (16 bits) from address ($4+1000)

O Ib $3, 1000($4)
*  retrieve a byte (8 bits) from address ($4+1000)
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Sign/Zero Extension

Y
oS'/J. 8

O Registers in MIPS are 32 bits!
O So what happens when you load 8 or 16 bits?

+  Sign extend if the load is signed

Ox1F 0x0000001F OXFE OxFFFFFFFE
«  Zero extend if the load is unsigned
Ox1F 0x0000001F OXFE 0x000000FE
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MIPS Memory Instructions - recap

a

’”//{9

Sq

Load instructions

¢ Ib \load byte signed (load 8 bits, sign extend)

« Ibu \\load byte unsigned (load 8 hits, zero extend)

« |h \\load halfword (load 16 bits, sign extend)

« |hu \\load halfword unsigned (load 16 bits, zero extend)
« Iw \\load word (load 32 bits, no extension)

Store instructions (No sign/zero extension for stores)

. sb$3,1000(84) \\store 8 LSBs of $3 to M[$4+1000]
«  sh$3,1000(84) \\store 16 LSBs of $3 to M[$4+1000]

. sw$3,1000($4)

\\ store all 32 bits of $3 to M[$4+1000]
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Load Instruction in Action

Q

R3
R4

’k//’&

g

Ib $3, 1000($4) // load byte

Retrieves 8-bit value from memory location ($4+1000) and puts the result into

10

2500

$3 (sign extended)

10

Calculate address: /

—" 2500 + 1000 = 3500

3500
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Y,

70
Load Instruction in Action — other example "9/6:4

1

O b $3, 1000($4) //load byte
Retrieves 8-bit value from memory location ($4+1000) and puts the result into
$3 (sign extended)

Sign extend 254 (0xFE) to
32 bit —> 0x FFFF FFFE

/—\ 254] 3504
R3  |FFFF FFFE Calculate address: /

R4 2504 | — 2504 + 1000 = 3504
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e
Example Code Sequence "9/05'4

What is the final state of memory once you execute the following instruction
sequence?

Iw $4, 100($0)
Ib $3, 102($0) S Memory
Sw $3, 100($0) register file (each location is 1 byte)
sh $4, 102($0) 63
0x02 100
34 0x03 | 101
OxFF [ 102
0x05 |103
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Example Code Sequence —insn 1 /6:4

What is the final state of memory once you execute the following instruction
sequence?

Iw $4, 100($0)
Ib $3, 102($0) S Memory
Sw $3, 100(30) register file (each location is 1 byte)
sb $4, 102(30) 5
—— 0x02 1100
$4 X FFO5 0x03 1101
OxFF | 102
0x05 | 103
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Y
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Example Code Sequence — insn 2

What is the final state of memory once you execute the following instruction
sequence?

Iw $4, 100($0)
Ib $3, 102($0) o Memory
Sw $3, 100($0) register file (each location is 1 byte)
oo $4,10230) | gal oxFFFF FFFF
0x02 100
$4] 0x0203 FFO5 0x03 101
OxFF | 102
0x05 |103
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Example Code Sequence —insn 3 /6:4

What is the final state of memory once you execute the following instruction
sequence?

Iw $4, 100($0)
Ib $3, 102($0) S Memory
S $3, 100(30) register file (each location is 1 byte)
b $410280) | gal  oxFFFFFFFF
P — OxFF  ]100
$4 X FF05 OXFF 101
OxFF | 102
OxFF [103
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Hpog
Example Code Sequence —insn 4 /05:4

What is the final state of memory once you execute the following instruction
sequence?

Iw $4, 100($0)
Ib $3, 102($0) S Memory
Sw $3, 100($0) register file (each location is 1 byte)
b $4,10280) | gal OxFFFF FFFF
OxFF  |100
$4] 0x0203 FFO5 OxFE_ | 101
0x05 |102
OxFF | 103
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Class Problem 3

Y
oS'/Js ,

What is the final state of memory once you execute the following instruction

sequence?
lhu $3, 100($0)
Ib $4, 102(%0) S Memory
sw $3, 100($0) register file (each location is 1 byte)
sh $4, 102($0)
$3
OxFF  ]100
$4 OxEE | 101
0x77 |102
OxFF | 103
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