CS161: Design and Architecture of Computer Systems October 31, 2007

Administrative Matters

Homework #4
— Due November 5t
— Watch out for “regular printing” vs. “revised printing” issue .
Chapter Five
Reading Assignment
— Chapter 5
The Processor: Datapath and Control
Extra Credit Quiz #1
— Wednesday, November 7t
- Take about 10 minutes (continue)
— 5 short answer questions
— Cover chapter 5 lecture and homework 4
— Worth extra 5 quiz points!

Midterm #2
- Monday, November 19t
— Cover chapter 5, 6, and a little bit 7
— Cover homework 4 and 5
— 15% of your grade
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Where are we headed?

+ Single-cycle implementation
— Then later multi-cycle, pipelined, VLIW, Superscalar...
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Control Control

* Must describe hardware to compute 4-bit ALU control input
* ALU control input

— given instr) titwvtype
0000  AND dj: SV T ALUOp

0001 OR 4 01= be.q‘ . / computed from instruction type
0010 add. 10 = arithmetic
0110 subtract — function code for arithmetic

0111 set-on-less-than — Main control generate ALUop

1100  NOR
. lw, sw — Another ALU-control takes ALUop and function code
- add - * To generate actual 4 bit control

* R-type instruction

— AND, OR, subtract, add, slt, nor
* beq

— subtract
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Hierarchical Control Scheme
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Hierarchical Control

* Main-control: opcode -> ALUop
+ ALU-control: ALUop&Funct -> ALU control input

Instruction ALUop | Instruction Funct | Desired ALU ALU control
opcode operation field action input

Lw 00 Load word xxxxxx | Add 0010
Sw 00 Store word xxxxxx | Add 0010
Beq 01 Branch equal xxxxxx | Subtract 0110
R-type 10 Add 100000 | Add 0010
R-type 10 Subtract 100010 | Subtract 0110
R-type 10 AND 100100 | And 0000
R-type 10 OR 100101 | Or 0001
R-type 10 Seton less than | 101010 | Set on less than 0111
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ALU-Control

« Describe it using a truth table (can turn into gates):

¢ 11is not used
— Can be treated as don’t care
« 00 (Iw,sw) is always add (0010)
« 01 (beq) is always sub (0110)
— Optimized to x1
+ 10 (arithmetic) will depend on the last 4 bits of funct
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ALU Control Schematic Diagram

ALUOp
ALU control block
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1 X X x o 1 o o 0000
1 X X X o 1 o 1 0001
1 X X X 1 o 1 o o111
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Main Control
*  What kind of instructions do we have
— Opcode is always 31:26
— Registers to read (rs, rt) are always 25:21 and 20:16
— Based register is always 25:21
— 16 bit off-set is always at 15:0
— Destination register is either 15:11 or 20:16
* Need muxing
R-Type
0 rs rt rd shamt | funct
31:26 25:21 | 20:16 | 15:11 | 10:6 5:0
Iw, sw
350r43 |rs rt addr
31:26 25:21 | 20:16 | 15:0
beq
4 rs rt addr
31:26 25:21 | 20:16 | 15:0
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Adding instruction labels and mux for write register
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R-type Instructions
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Lw Instruction

Add
Read
address
Instruction
B1-0] =
Instruction
16 [ sign |32 r

extend

Instruction [5-0]
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Branch Instructions
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Control lines

* Most can be set by looking at opcode alone
+ Except PCSrc
— Setwhenitis beq and ALU output is zero
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RegDst

— For R-type write, set RegDst to 1
— For lw, set RegDst to 0
— For sw and beq, don’t care

— Quick Question .
« Can we do 0101?

Insiruesion [25:21]

insirueson [20:16]

5

* Choose between writing for R-type (15:11) or writing for Iw (20:16)
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ALUSrc

* Choose between ALU source from registers (R-type, beq) and source from offset
(Iw,sw)
— For R-type and beq sourcing, set ALUSrc to 0
— Forlw and sw, set ALUSrc to 1
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MemtoReg

« Choose between regdfile source from ALU (R-type) or data memory (Iw)
— For R-type, set MemtoReg to 0
— For Iw, set MemtoReg to 1
— For sw and beq, don’t care
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RegWrite

« Write to Registers when it is R-type or lw, don’t write to register when it is sw or

beq
— For R-type and Iw, RegWrite=1
— For sw and beq, RegWrite=0

— Quick Question
« Canwedo 1101?

=l
N e
B esie COM

2004 Morgan Kautmrann Pubishers 2 ()

MemRead

* Read from memory ONLY wheniitis a lw
— For lw, set MemRead=1
— Otherwise, MemRead=0

xxwgg
dddd i
-FEFEE

Instruction
Riomal
m

MumPuad

e

T

ALUSre|
o
1
1
o

T . COM7TET

2008 Worgan kvt puisrers 2 |

MemWrite

+  Write to memory ONLY if we have sw
— For sw, set MemWrite=1
— Otherwise, MemWrite=0

— Quick Question
« Can we have Mem Read to be 1101?

3
<k-lEE

Instruction
Riomal
M

e

T

ALUSre|
o
1
1
o

T . COM7YTET

Momirita

2008 Morgan ket Ptisrers 2.2

Branch

* Needed for PCSrc calculation
— For beq, set Branch=1
— Otherwise, Branch=0
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Control

Simple combinational logic (truth tables)

Inputs.

Op5.
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Op2
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The operation for R-Type

Instruction Fetch
* Register Read
+ ALU

Register Write
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The operation for lw

+ Instruction Fetch

Register Read
ALU

* Memory Access
Register Write

ranctonti-ay
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The operation for sw

+ Instruction Fetch

Register Read
ALU
+  Memory Access
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The operation for beq

Instruction Fetch

* Register Read
+ ALU
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Implementing Jump

New PC is
— Upper 4 bits of PC+4

— 26 bit immediate
— Lower 2 bits are 0
+ Add a mux

Operation?
— Instruction Fetch
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Single Cycle — Steps of each instruction

Inst. Functional Units Used
Type
R-type Instruction | Register | ALU | Register
fetch read write
Load Instruction Register ALU Memory Register write
fetch read access
Store Instruction Register ALU Memory
fetch read access
Branch Instruction | Register | ALU
fetch read
Jump Instruction
fetch
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Our Simple Control Structure

« All of the logic is combinational
+ We wait for everything to settle down, and the right thing to be done
— ALU might not produce “right answer” right away
— we use write signals along with clock to determine when to write
+ Cycle time determined by length of the longest path

State. sState
eloment Combinational logic: element
1 2
Clock cydle —I u

We are ignoring some details like setup and hold times
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