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The Micro Mips ISA

Class [nstruction Usage Meaning o p [
Copy Load upper immediate  [lui v, imm it = [emem 00000 15
Add dd rd rs.rt rd = (rs)+ (rt) ) P2
[Subtract Bub rd.rsri rd &= (rs) — (rt) ) f4
Arithmetic [Set less than Bli rd.rsrt rd 4= if (rs) < (rd) then 1 else O ) M2
Add Immediate addi vt rsdmm frt = (re) + dmm i3
[Set Less than immediate glti vt rsimm et + if(rs) < immthen 1else () 10
AND and rd rs.0t rd — (ra) A (rt) [
R rord s et rd — (ra) WV (rt) ) BT
OR o rd rs ot rd = (rs) (rt) ) R
Logic INOR or rd rsrt rd i ((rs) v (rt) (s ]
AND immediate andi vt s imm et (rs) Acdmom 12
R immediate vl rtrsimm  frt o (rs) W oimm 13
FOR immediate beord vt rsdmm et (re) & dmm 14
Load Word Iw rtimm(rs) |rt + mem[(rs) + tmm| 30
Memory Word  [Store Waord Bw rt imm (rs) mem|(rs) + tmm] + (rt) 3
Tt j L lzato L 2
Jump register jr 18 lzoto (rs) ) B
Branch on less than 00 |[bltz 5L [if(rs) <0 then goto L 1
(Control transfer [Branch on equal req rsrt L il (rs) = (rt) then goto L H
Branch on not equal e rsrt L if{rs) # (rt) then goto L i
Tump and link jal L oto L; 31+ (PC)+4 3
[Svatem call kvacall Associated with an 08 svatem routine ) |12

The Instruction Format

op rs rt rd sh fn
6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
Opcode Source1 Source2 Destination Unuisr%crin Opcode ext

or base or dest
Operand.offset,16 bits

jta

jump target address




Abstraction of Instruction Execution
Unit
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The ALU Architecture

Pad 16 Os FnClass

i LogicFn
NOR 11

fn:

00: lui

01 Set less

10 Arithmetic
11 Logic

y )ALU ot T T
» XOR
Add’ &
AND 00 LOGIC
ORI @ Overflow
XOR 10 4

Execution Steps for R-type ALU
Instructions

O Read contents from rs and rt, and pass them to

the ALU.

o Control the ALU to perform the correct
operation, according to the “func”-value of

the Instruction.

o Write the output of the ALU in register rd.




Execution Steps for I-type ALU
Instructions

o Contents of rs and immediate value in the
instruction are forwarded as inputs to the
ALU.

o Control the ALU to perform appropriate
function.

O Result is stored in the register rt (rather than
rd in case of R-type instructions).

Execution Steps for I-type Memory
Instructions

o0 Read contents of rs.

o Add the contents of rs to signed extended
immediate value in the instruction to form a
memory address.

o Read from or write to the memory location
computed thus.

O In case of lw, place the result in rt.
o In case of sw, copy the result from rt.




Register Access and ALU
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Writing of the ALU output
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Handling the Branches

O The next address loaded into the program counter
can be updated in various ways, depending on the
type of instruction.

O Since, the addresses are always multiples of 4, the
lower 2 bits are always 00.

O Hence, we consider the upper 30 bits, and consider
how they can be updated.

O Thus, adding 4 to the PC value implies, that we are
adding 1 to (PC)3;.,.

_

Update of PC in our Processor

(PC)Sl:Z

=(PC)3,.,*1 # Default

= (PC);;.06ljta # Unconditional jump/branch

=(rs),;., #lump Register

= (PC)4,.,+1+imm# Condition is satisfied in
conditional jump

=SysCallAddr #Start Address of an OS routine




The Next Address Architecture
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_

Generating Control Signals

O The control signals are a function of op and fn
fields.

o One can express the control signals as a
function of the op and fn bits.
m Itis quite easy

o However, the demerit of such an approach is
if the instruction set is modified, or if we add
new instructions, the entire control unit needs
to be redesigned.
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The Decoder based control unit

op

Rtypelnst

———bltzInst
- jinst
—— jallnst
—— beqlnst
—— bnelnst
—— addilnst

@ O N HpN PO

L, sltilnst

121, andilnst
13
14

I orilnst

I xorilnst

151 luiilnst

I lwinst

I swinst

fn

88— jrinst

12— syscalllnst

32
34

36
37
38

39

I » addlInst
I sublInst

andlInst

I orlnst
I xorlnst
I norlinst

I sltinst

Expressing the Control Signals

O Auxiliary signals:
m arithinst=addInst V sublnst V sltinst V addilnst V sltilnst

m logiclnst=andInst V orInst V xorInst V norinst V andilnst
V orilnst V xorilnst

m  imminst = luilnst V addilnst V sltilnst V andilnst VV
orilnst V xorilnst

o Some Control Signals:

m  RegWrite=luilnst V arithInst V logicinst V lwinst V
jallnst

m ALUImm=ImmIlnst V lwlinst V swinst




Performance of the Single Cycle
Architecture

o The above design of control circuit is a
stateless and combinational design.

o Each new instruction is read from the PC, and
IS executed in one single clock.
m Thus CPI=1

o The clock cycle is determined by the longest
instruction.

_

lw is the longest instruction

O lw execution includes all the possible steps:
Instruction Excess: 2 ns
Register Read: 1ns
ALU operation: 2ns
Data Cache Access: 2 ns
Register Write-back:1 ns
Total: 8 ns
Thus a clock frequency of 125 MHz suffices.
So, for 1 instruction, (1/125) x 10-6sec

Thus, 125)Mi||ion Instructions are executed per second (125
MIPS
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Obtaining better performance

o Note that the average instruction time is less, depends on the
type of instruction, and their percentages in an application.

O Rtype 44% 6 ns No data cache
Load 24% 8 ns
Store 12% 7ns No register write-back
Branch 18% 5ns Fetch+Register Read+Next-addr formation
Jump 2% 3ns Fetch + Instruction Decode
Weighted average = 6.36 ns
So, with a variable cycle time implementation, the performance is
157 MIPS
However, this is not possible. But we see that a single cycle
implementation has a poor performance.

_

Summary

O Clock cycle is determined by the slowest instruction.

O If the MIPS ISA includes more complex
instructions, the disadvantage is more.

m For example if we add a MULT/DIV instruction by k
times, then all operations need to be slowed down.

m  Thus MIPS does the MIPS/DIV instruction to a separate
block (than the ALU block), with separate registers Hi
and Lo.

o sufficient time is kept to write back the results to the register file

11



