CMPE 414 Project Description Spring 2005
16-bit pipelined RISC Microprocessor

Write the \erilog RTL description for a 16-bit pipelined RISC Microprocesddre microproces-
sor is based on the MIPS architecture. Refer to theAfmitpfor more information if required:

David A. Patterson and John L. Hennes$yomputer Oganization and Design: The hard-
ware/softvare interbce”, Mogan Kaufmann Publishers.

Thedesignshoulduseafive stagepipeline.Eachpipelinestageoperate®ver 2 clock cycles.You
canclockyour pipelineregistersdirectly usingthe clock or adivide by 2 versionof theclock. The
interface to the chip is gen in the folleving diagram

Clock 16 » IF Address Bus IA0-IA15
Reset 16!, IF Data Bus ID0-ID15
IF @L 13 MEM Address Bus MAO-MA15
MEM Readyy Im Data Bus MDO-MD15
IF gead

MEM Read
MEM Write

Figurel

* |IF: Instruction Fetch: Send the program counter (PC) address to the instruction memory and
read the instruction. Computer thexhealue of PC=PC +2. Determine thext®C \alue
either using the increment alwor using fonarded data from a branch or jump instruc-
tion.Timing diagram for the read access iswshdelav in Figure 2.

» ID: InstructionDecodeTheregisterfile is locatedin this stagelt consistof 8 16-bitregisters
RO-R7.This stagealsocontainghe signextensionunit for sign-ectendingimmediatefieldsin
the instruction. Data is written from the writeback stage on the first rising edge of clock and
readonthe secondising edgeof the clock. Branchdecodingandaddressalculationarealso
done here. Data can be faxged to this stage.

» EX: Execute: This is were all the functional units are located. Data can baréavto this
stage. Data can be foanded from this stage

» MEM: Memory Access: Used to access the data memory for load/store instrucimoing T
diagram for read is similar to IF read timingrfvrite, dump address and data on first rising
edge.Turnonwrite onthefalling edge checkreadyonthenext falling edgeIf readyis 1, turn
off write and remue address and data orxhasing edge. Data can be fawded from this
stage

* WB: Write Back: Write the data back into theisger file on the first rising edge of clock.
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(1) Check ready on second rising edge of clock, if 1 latch the data in integistéire
(2) Turn of read on the n4 falling edge, transfer data to pipelingister on ngt rising edge
(3) If ready vas zero, stall by 1 clock/cle and sample ready &g at n&t rising edge
(4) Repeat step 2 with ongate stall inserted
Figure 2

Theprocesshouldassuméhata branchis alwaysnottake, i.e. you canfetchthenext instruction
after a branch instruction. If you find in the decode stage that the brancénsttan you will
flushtheIF stagej.e.inserta NOP insteadof the fetchedinstruction.Keepin mind the setupand
hold restrictions of flip-flops and latches during the design phase. Insert delay elements when
there is no logic between oaflip-flops. This arises in situations when something is just passed
from one pipeline m@ster to the nd without ary processing e.g. the store data read in ID from
registersis passedlirectlyin the EX stagewithoutany processingTherecouldbepossibletiming
violation between the ID/EX pipelinegister and EX/MEM pipeline gaster As explained

before your processor should be able to fodwdata as required betweearivus stages tovaid
data hazards. The pipeline should be able to stall for hazards that cannoeteusoly data for-
warding.

Instruction rmats:

5 bit opcode, plus last 2 bits in the opcode fdied#nt \ariants.

3 bit operand fields (Rd, Rs1, Rs2) to specify one of the 8 general purgisserse
Immediatesarerestrictedn lengthto the numberof bit positionsremainingin a 16 bit instruction
word.

ALL instructions are 16 bits in length.

Shift immediates can be restricted to 2 bits.
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Name 50 gcgge Format Notes

SEQ 00000:00|SEQ Rd Rs1 Rs2 00|Set if Equal: Set register Rd to 1 if the
values in Rs1 and Rs2 are equal, else|set
to 0.

SGT 00000:01 [SGT Rd Rsl1 Rs2 01|Setif Greatetthen:SetregisterRdto 1 if
Rsl > Rs2, else set to 0.

SLT 00000:10(SLT Rd Rs1 Rs2 10 |Set if Less then: Set register Rd to 1 if
Rsl < Rs2, else set to 0.

SNE 00000:11 |SNE Rd Rsl1 Rs2 11|Set if Not Equal: Set register Rd to O if
the values in Rs1 and Rs2 are equal, ¢lse
set to 1.

ADD 00001:00|ADD Rd Rs1 Rs2 00|Add registers Rs1 and Rs2 and store the
result in Rd.

SUB 00001:01|SUB Rd Rs1 Rs2 10|ComputeRs1- Rs2andstoretheresultin
Rd.

NEG 00001:11 [NEG Rd Rs1 000 11|Put 2's complement of Rs1 into Rd

ADDI 00010 |ADDIRdRs# Store in register Rd the value Rs + the 5-
bit sign-extended immediate.

SUBI 00011 [SUBIRd Rs # Store in register Rd the value Rs - the|5-
bit sign-extended immediate.

AND 00100:00|AND Rd Rs1 Rs2 00|Store in register Rd the bitwise AND of
Rs1 and Rs2.

OR 00100:01|OR Rd Rs1 Rs2 01 |[Store in register Rd the bitwise OR of
Rs1 and Rs2.

XOR 00100:10XOR Rd Rs1 Rs2 10 Store in register Rd the bitwise XOR of
Rs1 and Rs2.

NOT 00100:11|NOT Rd Rs 000 11 |Store in register Rd the bitwise comple-
ment Rs.

ANDI 00101 |(ANDIRdRs # Store in register Rd the bitwise AND of
Rs and the 5-bit sign-extended
immediate.

ORI 00110 |[ORIRd Rs # Store in register Rd the bitwise OR of Rs
and the 5-bit zero-extended immediate.

SRA 00111 [SRA Rd Rs 000 # |[Shift RightArith: Storein registerRdthe
sign-extended value of Rs shifted to the
right by the 2-bit immediate. (An
immediate of 0 does not shift the
operand).
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Name

Opcode
5:2 bits

Format

Notes

SRL

01000

SRL Rd Rs 000 #

Shift Right Logic: Storein register Rd
the zero-extended value of Rs shifted to
the right by the 2-bit immediate.

SLL

01001

RLL Rd Rs 000 #

Shift Left Logic: Storein register Rd the
zero-extended value of Rs shifted to the
left by the 2-bit immediate.

LW

01010

LD Rd Rs#

Load the 16-bit value at memory address
Rs + sign extended immediate into Rd.
(Y ou can assume that address is an even
number).

01011

SW Rd Rs#

Store to memory at address Rd+ sisgn
extended immediate the value in Rs.
(You can assume that addressis an even
number).

LBI

01100

LBI Rd #

Load Byte Immediate: Store the 8-bit
sign-extended immediate into register Rd
after sign extending it.

LBIU

01101

LBIU Rd #

Load Byte Immediate Unsigned: Write
the 8-bit zero-extended immediate into
register Rd.

LHI

01110

LHI Rd #

Load High Immediate: Write the 8-bit
immediate into the upper 8 bits of
register Rd and preserve the low order 8
bits.

LLI

01111

LLI Rd#

Load Low Immediate: Write the 8-bit
immediate into the lower 8 bits of
register Rd and preserve the higher order
8 bits.

BEQZ

10000

BEQZ Rs#

Branch on Equal to Zero: Set PC to PC +
8-hit sign-extended immediate if the
valuein register Rsis zero.

BNEZ

10001

BNEZ Rs#

Branch if Not Zero: Set PC to PC + 8-bit
sign-extended immediate if the valuein
register Rsis non-zero.

10010:00

SGE Rd, Rs1, Rs2 00

Set if Greater than Equal: Set register Rd
to1lif Rsl >= Rs2, else set to 0.

SLE

10010:01

SLE Rd, Rsl1, Rs2 00

Set if Lessthan Equal: Set register Rd to
1lif RSl <=Rs2, elseset to 0.

10011

J#

Jump: Set the PC to PC + 11-hit sign-
extended immediate.
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JR 10100 [JR 000 Rs Jump to Register: Set the PC to the value
in register Rs.

JAL 10101 |JAL # Jump and link: Set the PC to PC + 11-bit
sign-extended immediate. Save next PC
i.e. PC+4 value a RO.

JALR 10110 |JALRRdRs Jump and Link Register: Savethe
current value of PCi.e. PC +4 to register
Rd and set PC to value in register Rs

MOVE 10111 |MOVERdRs Copy valuein Rsinto Rd

Unused 11000- |Expandableinstruc- |Required for 641 students. Should

11110 |tions include 8-bit multiply and 8-bit divide
NOP 11111 |NOP Do nothing.




