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Instruction-Level Parallelism

--- A single job (program/thread)

--- Execute multiple instructions simultaneously
--- As many as we can

--- W/ minimal added hardware

Complex System Design
--- Modularity
--- simple functions w/ guaranteed behavior

--- simple interfaces w/ good abstractions

Heirarchical composition
--- low-level complexity is hidden

===> 1 billion components that work!

--- Reusable building blocks
--- Generally applicable
--- Customizable

--- Isolation allows evolution

I.Mp\ﬁhcm-t MIPs / Lca¥

¢ Generallydecompose|digital systems into two kinds of operation CorﬂLro”er
— Things that deal with the real datg (Datapath)
— Things that control the stuff operating on the real datq (Control) becaéej
Fsm

* Find a decomposition that i$ simple, and efficient

— Some are obvious, others can be more subtle

e We will start simple

—| Add stuff to improve performance
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Phases
¢ First we need to:
1. |Fetch the instruction
Then we need to:
2. | Decodelinstruction { fetch register

Then we need to: inSTrucﬁ'on ]qow

3. |Do the operation
Then we need to:

4. | Write|the result intq register-file or memory

Finally we need to:

L]
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5. Calculate thelnext instruction address

WIPS insTr uc'l'ions

I-format
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Ue BR vig Reé?

ADD Dest, SRC-1, immed.

R-format
BR SRC-1, SRC-2, offset J-format
ADD Dest, SRC-1, SRC-2
LW Dest, offset( SRC-1) JMP immed.
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Execution Phase Uses this HW

i ench p['\aSe S mdepenben]

--- Fetch Instruction, PC++ --- IMem, PC
--- Read Registers, Decode --- RegFile, Control decoder COUl d Thei-) oPerE.\'e
--- Execute ALU operation --- ALU + PC ' ?
Execute BR/JMP operation --- ALU + PC AIMUHAHBOUS ‘j '
--- R/W Data Memor --- DMEM ‘
y 4 S%ruc%u ra ' &onﬂlc'{' ?

--- Write register --- RegFile /

* Flops work great as long aginput is stable when clock rises

— Called|setup gndlhold|windows

—| Clock skew/|can cause some nasty problems
* Hold time violations (we won’t worry about this in this class)

* |Cycle Time|=|Longest Prop Delay|+ Setug +{Clock Skew
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clock skew = -k,

skews the start of critical path delay for some path.
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Instruction Fetch PC++
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¢ |Instructions are fixed length

Don’t need to decode first instruction to find next one 5-3 Yy Y nﬂl}}(e X gé

Always add 4 pytes to instruction pointer (PC)

1

* Register specifiers are always in the same place

Destination moves around some, but

Source registers are always in the same place

* Oryoudon’t need that register

Canfetch the registers BEFORE you decode jinstruction

e Feed bits directly from the instruction memory



Datapath: R-Format Instructions

ADD

Read two register pperands

OpcoJe I
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SRC-1

Register

SRC-2
DesT

numbers

shift

/'unc N

Extend datapath tolsupport immediate operations

Data { Yala-W
[-.I AF{egWriie
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Perform arithmeticflogical operation

Write registerlresult

Reg File
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ADDR-W
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> Data

ALU operation

cesult

Datapath: Immediate Ops

I-formal ADD

Write register is rt or rd based on instruction
Read data 2 is ighored for immediates

Immediates can be@zero ex@

ALUsrc and ALU operation set based on instruction

OpcoJe

SRC-1

Instruction [25- 21]

immed.,

Instruction [20— 18]

Instruction [15- 11]

Imstructicn [15—0]

[ cesslf

Feed back ?
P"’oe c{iscip Iiye ?




Datapath: Load
T-formdl, LW

e Extend datapath to support|other immediate operations 4Jo’regg CQ/C.
e Extender handles either sign or zero extension
e MUX selects between ALU result and Memory output

Instruction [15-11] VWrite

Data
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I- *orvv\d', Datapath: IF + Branch

(We can squeeze more range out of offsets: ignore low 2-bits for instruction addresses.)

Pott
: ” 30
30-bit &
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) istruction rom ©
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Datapath: IFU + Jump
J- format, JMP

JMP anywhere within either OS or USER space.

e MUX selects pseudodirect jump target
Low 2 bits always 00: ignore them; Upper 4 bits == (x8, super mode) or (x0, user mode)
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Putting It All Together:
Your first processor

PC [31-28] Instruction [25-0] 00

Instruction [31-26] | _ | MerntoReg
| S [ALuoe
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How many stedes in confroller FSM?
Where /Uhtf is ned-state function?

ADDR

coh rol S'lj M‘S

Instruction [25— 21] Read

Read istar 1
address register Read
Instruction [20- 18] Read data 1

Instruction registerﬂigism
-0l Write iy
Instruction register
memary Instruction [15-11] | wriee
] * data

Instruction [15-0]
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Instruction [5—0]
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6 * Since only the ALU needs the func field
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Sim p/ifj ?

— Pass it to the ALU unit, and have dlocal decoder

there

Main
Control

encode ALU's operation for:

--- r-format arith/logic
--- i-format arith/logic
--- LW, SW address arith

efficiency
1. fewer bits to ALU mux
2. fast response




ALV = Address = row index
decode ROM
row méwL{func 10 0000] 10 0010] Not Important | ALU
op 100 0000] 00 0000] 00 1101{ 10 0011] 10 1011{ 00 0100] 00 0010} decode
ad(l| sub I ori | Iw I SW I beq Ijumpl“/
RegDst | | 0 0 X X X
ALUSrc 0 0 | | ] 0 X
JJ&P“'“\ MemtoReg | 0 0 0 ] X X X
conlrol RegWrite ] ] l ] 0 0 0
g.‘jm\; MemWrite = 0 0 0 0 ] 0 0
Branch 0 0 0 0 0 | 0
Jump 0 0 0 0 0 0 | ALY
ExtOp X X 0 1 1 X X decode ROM ~
ALUctr<2:0>f Add | Sub | Or | Add | Add ] Sub | xxx

ROM is turned sideways.

This is just a portion of decode ROM and ALU control decode ROM.

6-bit FUNC ===> 64 arith/logic operations per opcode for R-format instructions.
"ADD" is 3-bit code to select ALU's output to be ADD.

S/}hp/f]? °
Some o/JCOJCJ wae. ALU fdl
Single-Cycle MIPS Processor Summary LOJI'C/ArTH) Some ./'fl 44&;’@7
/
---- Advantages cele. 103 — jj Fid 4

=== Simple control logic ML Je coée ? ]m;ne}_ \/Juey?
=== All instructions execute in 1 cycle (CPI = 1) '
=== minimal hardware
--- Disadvantages
=== Each component is idle most of the time as wave of logic signals traverse entire circuit.

=== Cycle time is sum of component delays ===> very slow CR.

=== Slowest instruction (LW) determines CR for all instructions.
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ADD AND NOR MOV (pass through), opcodes: 0000, 0001, 0010, 0011

instr[15:12] instr[11:9] instr[8:6] instr[5:3]
OPcode SR1 SR2 DST

ADD R3, R1, R2 ---R3 <=== R1 + R2
MOV R3, xx, R2 --- R3 <=== R2

LDR STR, opcodes: 1001, 1010

instr[15:12]  instr[11:9] instr[8:6] instr[5:0]

OPcode baseR DST/SRC o]

ffset

LDR R2, R1, x7 ;--- DMEM[ R1 + x7 ] ===> R2

LEA LIM, opcodes: 1011, 1100

instr[15:12]  instr[11:9] instr[8:6] instr[5:0]
OPcode unused DST offset

LEA R2, PC, x7 ;--- R2 <===PC + x7
LIM R2, xx, x7 ;-—-R2 <=== X7

BRR, opcode: 1111

instr[15:12]  instr[11:9] instr[8:6] instr[5:0]

OPcode baseR CND offset

BRR R2, R1, x7 ;- PC <===R1 + x7
(taken if R2 < 0)

instr[2:0]
unused

(ALUK == low 2 Dbits)

[ 0000 001 010 011 xxx]
[0011 xxx 010 O11 xxx]

(ALUK == 2'b00)

[1001 001 010 000111]

(ALUK == 2'b00, 2'b11)

[1011 xxx 010 000111]
[1100 xxx 010 000111]

[1111 001 010 000111]






