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Navigation Check

. Simple (RISC) Processor
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Instruction
Store

PC

Simplified Digital Computer

Register
File

Execute

ALU
Add, logic, shift

Multiply/Divide

Memory

Instruction Types

. Load

. Store

. Control Flow

. EXxecute
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SRAM (single port Wi
sraepen [
+ 32 rows, 32 columns 32 columns "
. Can read or write one row at a time Memory Cells
(32 DItS Wlde) Memory Cells
|
.- Decoder — takes In 5 bits, generates | 32 rows
1 of 32 (one-hot output) Memory Cells
Memory Cells
Add r[4 : O] Sense Amp
Processor Register file WE* (VLS Driver

MIPS | - 32 reqisters, 32 bits
Need to read 2 operands and write 1
3 ports

Data|31:0]
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Register File — smallish SRAM with more ports “Foat

>
Processor Register file T
MIPS | - 32 registers, 32 bits 32 columns .
Need to read 2 operands and write 1 — —— Memory Cells
3 ports E = ! Memory Cells
)
Modern processor register files may have — § 30 ! WS
ots of ports (e.g 14 Rand 7 W) i S P
! —— Memory Cells
! Memory Cells Make an
Sense Amp array of
Sense Am these
Adar(4:0] .
% Write Drive-
WE
rd\[31:0]
AddrA[4] |
writeData| 31:0]
rdB[31:0]

AddrB|[4]
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Row Decoder

. 5->32 decoder choses which row

.- One decoder per port

A
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A register file Is 128 bits wide and contains a total of 1 KB of storage.
How many address bits will be required by the row decoder?

A. 10 bits
B. 9Dbits
C. 64 bits
D. O bits

£. None of the above

* - B means byte, b means bit
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PC+4 [31-28]

JMP ADDRESS [31-0]

4
RESULT l 7 ) L/_\
ADDER >0 1
MUX MUX
RESULT —( 1 —{(
v ADDER \1/
[25-0] JMP ADDRESS [25-0]
<< 2
PC
— BRANCH | —~——
INSTRUCTION[31-26] REG_DST JUMP \
CON TROL
< REG WRITE MEM_READ,MEM_WRITE
l - ALU_SRC ALU_OP
READ INSTRUCTION[25-21] y  READ
ADDRESS REGISTER 1 READ
INSTRUCTION[20-16] s READ DATA 1
/‘\ REGISTER 2 ZERO vV
INSTRUCTION ALU
0 REGISTERS READ
MEMORY | e /’\ RESULT —e—| ADDRESS DATA
MUX REGISTER READ |
INST[15-11] PATAZ 0
INSTRUCTION - »| WRITE
[31-0] gl DATA S MEI\A/I\-(I-DAI\RY
\f/ +—>| 1
\—/ WRITE
DATA
INSTRUCTION[15-0] Sign
Extend

Src: TSR, Cummings, KFR

INSTRUCTION[5-0]

934 OL WIN



UCSan Diego
Computer Program

. MIPS (example RISC) architecture
. Architecture

Instruction Set
Programming Resources (registers)

View of memory (how to read and write it)

Assembly PC : Instruction
Label: addir r8, rg8, -4 00400000: 2108fffc :
sw 10, 0(rs) 00400004: ac000000 ;
bne r3, r0, Label 00400008: 1400fffd ;

10



UL San Diego Simple Single Cycle CPU

- Assume each Instruction executes In a single cycle

Instruction Format — MIPS RISC Instructions.

Fixed instruction size (all instructions are 4 bytes (32 bits)).

Load/Store, Compute and Control

R-Type
Opcode Rs Rt Rd Shift (shamt) funct e.g. add, sub, sli, ...
o bits 5 bits 5 bits 5 bits 5 bits o6 bits add ro6, r2, r3
-Type e.g. orl, andi, bne, Id, st, ...
Opcode Rs Rt Immediate 1d ro, 0x100(xr7)
o bits o bits 5 bits 12 bits bne r3, r0, target
J Type e.q.jr, jalr
Opcode Rs Rt Rd Sa Funct ir target
o bits 5 bits 5 bits 5 bits 5 bits o bits

11



JSan Diego CPU Components — Single Cycle Execution

Assumptions:
Every machine language instruction happens in 1 Clock Cycle
MIPS architecture
Microprocessor without /nterlocked pipeline stages
reg-reg architecture: all operands must be In registers (total 32)

3 Instruction Formats; each instruction 32 bits long
1. R-type: all data in registers (most arithmetic and logical)
e.g. add $sl1, $s2, $s3
2. |-type: branches, memory transfers, constants
e.g. beq $sl1l, S$s2, Label; 1lw S$sl, 32($s2)
3. J-type: jumps and calls
e.g. J Label;

add $s0, $s1, $s2 000000 10001 {10010 | 10000 00000 100000

Src: TSR, Cummings, KFR | 0 17 18 16 0 32




R-type Instruction: reg-reg ALU ops (e.g. add, and)

Tells operation to Tells specific variant of operation
be performed (e.g. add/sub have same opcode)

N ~

R-type
){p OP(E%DE RS RT RD shamt | FUNCT
Instruction = 3 o 3
31-26 25-21 20-16 15-11 10-6 5-0
\
ADD r5, r7, r2 Shift amount (for
ADD RD. RS. RT sll, srl etc.)
Source Register 2
Source Register 1 (attached to “Read Destination Register
(attached to “Read Register 2" input) (attached to “Write
Register 1” input) Register” input)

Src: TSR, Cummings, KFR -



PC

A 4

READ
ADDRESS

INSTRUCTION
MEMORY

INSTRUCTION L&

[31-0]

RESULT
ADDER
INSTRUCTION[31-26]
>
INSTRUCTION[25-21]
>
INSTRUCTION[20-16] >

INST[15-11]

INSTRUCTION[15-0]

INSTRUCTION[5-0]

Step 1 (R-type): Fetch
instruction and advance PC

14
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INSTRUCTION[31-26] QDST
CON TROL
REG_WRITE ALU OP
\ 4
INSTRUCTION[25-21] READ
P! REGISTER 1
READ
INSTRUCTION[20-16] s READ DATA 1 >
REGISTER 2
REGISTERS
READ
DATA 2
o
4_‘

Step 2 (R-type): Read two registers and set control signals

15
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REG_WRITE

CON TROL

//

4

S
T
_

INSTRUCTION[5-0]

Step 3 (R-type): Perform the ALU operation

10

ALU_OP

ALU

RESULT =

ALU
CONTROL

\



MU

LINST[15-11]

REG_WRITE

CON TROL

A 4

p| WRITE

DATA

REGISTERS

WRITE
»  REGISTER

Step 4 (R-type): Write result to register

17

ALU_OP

/

UX




-Type: Store Instruction

Tells operation to
be performed

Store OPCODE
Instruction |=3%0r43

Base Address Register
(attached to “Read

" T OFFSET

31-26 25-21 20-16 15-0
Sch]urce relglste_r” . Constant offset
WROSE value WITDE — (added to the base

Register 1" input)

SW RT, #(RS)

18

stored to memory
(attached to “Read
SW r0, 32(r5) Register 2" input)

address in RS)

Note: same as x86
MOV [ebx+32], eax




4
RESULT
ADDER
v
PC
INSTRUCTION[31-26]
>
¢
\ 4
READ INSTRUCTION[25-21]
ADDRESS >
INSTRUCTION[20-16]
° >
INSTRUCTION
MEMORY
INSTRUCTION |_{
[31-0]

INSTRUCTION[15-0]

Step 1 (store): Fetch
instruction and advance PC

19

&



| INSTRUCTION[25-21]

INSTRUCTION[31-26]
REG_WRITE

~

e

Step 2 (store): Read register
values and set control signals

20

T~

CON TROL
MEM_READ,MEM_WRI
ALU_SRC ALU _OP
> READ
REGISTER 1 READ >
»| READ DATA 1
REGISTER 2
REGISTERS v
READ
DATA 2
>
<+



- -\
Q CON TROL
MEM_READ,MEM_WRIV
REG_WRITE ALU_SRC ALU_OP —-

ALU
RESULT

INSTRUCTION[15-0] Sign
Extend

ALU

Step 3 (store): CONTROL

Compute the address 21



Step 4 (store): Write the
value to memory

—
Q REG_WRITE

—

CON TROL
MEM_READ,MEM_WRIV
ALU_SRC ALU_OP ——
A4
v READ
, »| ADDRESS e
DATA
MEMORY
a 5| WRITE

22

DATA




-Type: Conditional Branch

Ongg)rD5E RS RT BRANCH TARGET’'S OFFSET
BEQ/BNE 31-26 25-21 20-16 15-0

Instruction / \

Sourcre1 Izegls‘:cr\e)r 1 q Source register 2~ Word Offset, which we multiply
(Ratta_uct © 1:[,0. eta (attached to “Read by 4 (via <<2) to get Bit Offset,
egister 1" input) Register 2” input)  then add to PC+4 to get the

address of the instruction to

BEQ Source1, Source2, Offset which we branch if RS == RT)
*PC-relative address”
BEQ $r7, r20, 100
4 (7 20 25

23



RESULT
ADDER
v
PC
INSTRUCTION[31-26]
>
¢
\ 4
READ INSTRUCTION[25-21]
ADDRESS >
INSTRUCTION[20-16]
>
INSTRUCTION
MEMORY
INSTRUCTION |}
[31-0]

Step 1 (beq): Fetch instruction

INSTRUCTION[15-0]

and advance PC

24

)
0
MUX
1




=S

BRANCH

e

INSTRUCTION[31-26] »Q CON TROL
—_— ALU_OP
INSTRUCTION[25-21] READ
P REGISTER 1 READ
INSTRUCTION[20-16] READ DATA 1 >
g REGISTER 2
REGISTERS
READ
DATA 2
4_‘
Step 2 (beq): Read register
values and set control signals 25

_~



RESULT
v ADDER

Q CON TROL
—_— ALU_OP

ZERO
ALU
)
R T
1
\_/
INSTRUCTION[15-0] Sign
. Extend
Step 3 (beq): Compare registers, calculate ALL
branch target, and choose new PC CONTROL

20



JMP/JAL
Instruction

J Offset
J 10000
2 2500

J-Type: Unconditional Branch

OPCODE BRANCH TARGET ADDRESS
=20r3
31-26 25-0

Actual Address (in words) which we
multiply by 4 (<<2) to get 28-Bit Address,
then concatenate to upper 4 bits of PC+4
to get the 32-bit address of instruction to
which we branch unconditionally

21



PC

READ
ADDRESS

INSTRUCTION
MEMORY

INSTRUCTION
[31-0]

l
RESULT I l

|
l
ADDER . EE———— - >0 1 |
|
MUX MUX |5
|
RESULT - 1 L0 I
ADDER | \1/ l
l
________________ _ :
: % JMP ADDRESS [25-0] | : :
l << 2 ! | l
| | : :
A - . ___ ! :
: |
— BRANCH | T~ |
INSTRUCTION[31-26] REG_DST | JUMP T
CcONTROL === =-
< REG WRITE MEM_READ,MEM_WRITE
l - ALU_SRC ALU_OP
INSTRUCTION[25-21] o ReAD
REGISTER 1 EAD
INSTRUCTION[20-16] o READ DATA 1
R REGISTER 2 ZERO T
ALU
0 REGISTERS READ
S| e /’\ RESULT —e—| ADDRESS DATA
MUX REGISTER READ |
INST[15-11] PATAZ 0
- WRITE
> 1 —>{ VRITE MUX DATA
MEMORY
*—> 1
\_/ WRITE
> DATA
INSTRUCTION[15-0] Sign
Extend

Single-Cycle Datapath with
Support for the Jump

Instruction

INSTRUCTION[5-0]

934 OL WIN



