www.eetimes.com/electronics-news/4230235/Thailand-floods-take-toll-on-PC-makers

EETimes 61C In the News

Thailand Floods Take Toll on PC Makers
Sylvie Barak 10/31/2011

The Thai floods have already claimed the
lives of hundreds of people, with tens of
thousands more having had to flee their
homes in Bangkok. On a financial scale
too the floods have wreaked havoc...

Around 25 percent of the world’s hard
drive manufacturing plants are situated
in and around Bangkok...

Western Digital corp., the world’s largest producer of hard disc drives has had to

close all its factories in Thailand down completely, as has Toshiba corp. and a

number of other smaller HDD makers, leaving the industry with just two months’

worth of remaining inventory.

“We expect PC sales to be lower than expected. As a result, we
expect wea:lﬁn%slsﬂirj ‘I”DmAM prices,” a Samsung executivejsaid
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Review: Processor Design 5 steps

Step 1: Analyze instruction set to determine datapath
requirements

— Meaning of each instruction is given by register transfers

— Datapath must include storage element for ISA registers

— Datapath must support each register transfer

Step 2: Select set of datapath components & establish
clock methodology

Step 3: Assemble datapath components that meet the
requirements

Step 4: Analyze implementation of each instruction to
determine setting of control points that realizes the
register transfer

Step 5: Assemble the control logic

11/1/11 Fall 2011
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Processor Design: 5 steps

Step 4: Analyze implementation of each instruction to
determine setting of control points that realizes the
register transfer

Step 5: Assemble the control logic

Register-Register Timing:
One Complete Cycle (Add/Sub)

[ S—
pC _

Rs, Rt, Rd,
Op, Func

ALUctr
RegWr

busA, B

busw.
RegWr EF“J? ';F AlUctr '
5
L Register Write
pusw| Rw Ra Rb Occurs Here
RegFile
clk !
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3c: Logical Op (or) with Immediate
* R[rt] = R[rs] op ZeroExt[imm16]

31 26 21 0
o | s [ w ] immediate ]
316 bits 5 bits 5 bits. 16 15 16 bits 0
RegDst [ 0000000000000000 ] immediate ]
L Rd Rt 16 bits 16 bits
Writing to Rt register (not Rd)!!
RegWr Rs Rt ALUctr
Lo % %
Rw Ra Rb
32 | RegFile What about Rt
Read?
clk!

imm16——
16

11/1/11




3d: Load Operations

e R[rt] = Meml[R[rs] + SignExt[imm16]]
Example: 1w rt,rs,imml6
31 26 21 16 0
oo [0 [ o ] immediate ]
6 bits S bits 5 bits. 16 bits
RegDst Rd Rt ALUctr MemtoReg
LT o7

RegWr Rs Rt
Ly o o

busW Rw Ra Rb

32 RegFile

clk|

imm16——
16

Memory

o ExtOp Alusre ok
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3e: Store Operations
e Mem[ R[rs] + SignExt[imm16] ] = R[rt]
Ex.:sw rt, rs, immlo
317 26 21 16

0
Lop [ v T o 1T i di. ]
6bits  5bits 5 bits 16 bits
RegDst Rd Rt ALUctr MemtoReg
L. MemWr

RegWr Rs Rt
LY S 5t

busw Rw Ra Rb
0 RegFile
clk| n
/32['Wikn Adr
Data In Data

Memor,
clk — Y

3e: Store Operations
e Mem[ R[rs] + SignExt[imm16] ] = R[rt]

Ex.:sw rt, rs, immlo6
31 26 16 ]

L op T v T o 1 i di; ]
6bits  Sbits 5 bits 16 bits
RegDst Rd Rt ALUctr MemtoReg

|_, MemWr

Rs R
ReELE

Rw Ra Rb

busW
0 RegFile

clk!

WiEn Adr
1mmlGTg—> g 7 ,1]) Dataln [ pa¢a
Memory

RE]

ExtOp ALUsrc Ik

3f: The Branch Instruction

3] 26 21 16 (]
op [ rs [ rt | immediate ]
6bits  Sbits 5 bits 16 bits

beq rs, rt, immlé6
— mem|[PC] Fetch the instruction from memory
— Equal = R[rs] == R[rt] Calculate branch condition

— if (Equal) Calculate the next instruction’s address
¢ PC = PC+4 +( SignExt(imm16) x4 )
else
*PC=PC+4

Datapath for Branch Operations

beq rs,rt,imml6

3 26 2} 16 0
I op | rs | rt “ i di: I
6bits  5bits 5 bits 16 bits
Datapath generates condition (Equal)
Inst Address

Equal

RegWr 5* l}s Rt ALUctr
| 5

t %

busW Rw Ra Rb

RegFile
eIk

Already have mux, adder, need special sign
imm16 extender for PC, need equal compare (sub?)

busA 32

Instruction Fetch Unit including Branch

31 26 21 16 0
[ T s T v 1] immediate ]
e if (Zero==1) then PC=PC+4 + SignExt[imm16]*4 ; else
PC=PC+4

Inst
Memory [ Instruction<31:0>

nPC_sel——i— Adr
waniDE;
. ?
MUX ctrl * How to encode nPC_sel?
2  Direct MUX select?

e Branch inst. / not branch inst.

* Let’ s pick 2nd option

: What logic
nPC_sel zero? MUX Q 8
1

o —x [0 7 gate?
o [ o0 |
]




Putting it All Together:A Single Cycle Datapath

Inst TR Instruction<31:0>
Memory ',:’ >
[ [
et |77 Iy
Rs Rt Rd Imml6
nPC_sel RegDst
LRd Rt Equal  ALUctr MemtoReg
RegWr Rs Rt
! LR
e busw Rw Ra Rb
2 32 RegFile
j I
=| 13 clk = 32 [WiEn Adr
5 clk 1mm16Tg—>§ 7 1J Dataln MDam
- emor’;
3 clk - Y
imm16 T T
ExtOp ALUSrc
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Datapath Control Signals

* ExtOp: “zero”, “sign”
* ALUsrc: 0= regB;
1= immed
¢ AlUctr: “ADD”, “suB”, “OR”

RegDst Rd Rt
LG oy

nPC_sel & Equal REEWT | RS Rt

e L% % %

Inst Address

* MemWr:

* RegDst: 0=
* RegWr:

ALUctr

Rw Ra Rb

2 RegFile

clk!

imm16 ——|
16

ExtOp

1 = write memory
* MemtoReg: 0= ALU; 1= Mem

1 = write register

32[wren Adr

rn”; 1= “rd”

MemtoReg
MemWr

1J Dataln
32

ALUSrc

clk —

Data
Memory

Tal Z0TT —Tee

Given Datapath: RTL = Control

Instruction<31:0>
Inst

x A~ A A
Sl1e IR |15 |2 |8
o |v = e Iy e
Memory o |V o <) N &
2 S s |& |v

A A2

Control

NnPC_sel RegWr RegDst ExtOp ALUSrc ALUctr MemWr MemtoReg

DATA PATH

RTL: The Add Instruction

31 26 21 11
0| rs rt rd shamt funct
6 bits 5 bits. 5 bits. 5 bits 5 bits 6 bits
add rd, rs, rt
— MEM[PC] Fetch the instruction from memory

— R[rd] =R[rs] + R[rt] The actual operation

—PC=PC+4 Calculate the next instruction’ s address

Instruction Fetch Unit at the Beginning of Add
* Fetch the instruction from Instruction

memory: Instruction = MEM[PC]

— same for
all instructions

Inst

Memory Instruction<31:0>

Inst Address

T Instruction<31:0>
NS o
fetch ~ 5 =
unit A N
v v v
Imm16
ALUctr=A
zero
emtoReg=0
busA 32 b MemWr=0
. > 3.
2 RegFile bysB z —|—\
1T
¢ 32 WrEn Adr
|mm16T> Data In Data |—!
Memory

ExtOp=x

Ik —

ALUSrc=0




Instruction Fetch Unit at End of Add

< PC = PC+4

— Same for all Inst
instructions except: Memory [
Branch and Jump

Inst Address
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P&H Figure 4.17

Instructon [31-25]
(e BT controf

nstructcn [25-21]

e
R0Eer 1 moag

nstructon (20-16] [ pggq  ceta
register 2
" Reag
instructon 15117 | ¥ or data2
" wite
dsi2 pegisters
instructon (150 18 [sign) 2

extend)
Instruction (5-0]
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Summary of the Control Signals (1/2)
inst Register Transfer
add R{rd] < R[rs] + R[rt]; PC < PC + 4

ALUsrc=RegB, ALUctr="ADD”, RegDst=rd, RegWr, nPC_sel="+4"

sub R[rd] < R[rs] — R[rt]; PC < PC + 4
ALUsrc=RegB, ALUctr="SUB”, RegDst=rd, RegWr, nPC_sel="+4"
ori R[rt] < R[rs] + zero_ext(Imml6); PC <« PC + 4

ALUsrc=Im, Extop="2”", ALUctr="OR”, RegDst=rt,RegWr, nPC_sel="+4"

1w R[rt] < MEM[ R[rs] + sign ext(Imml6)]; PC < PC + 4
ALUsrc=Im, Extop=“sn”, ALUctr="ADD”, MemtoReg, RegDst=rt, RegWr,
nPC_sel = “+4”
sw MEM[ R[rs] + sign_ext(Imml6)] < R[rs]; PC < PC + 4
ALUsrc=Im, Extop="sn”, ALUctr = “ADD”, MemWr, nPC_sel = “+4”
beq if (R[rs] == R[rt]) then PC < PC + sign ext(Imml6)] || 00

else PC < PC + 4

nPC_sel = “br”, ALUctr = “suB”
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Summary of the Control Signals (2/2)

See _:func 10 0000| 10 0010 We Don’t Care :-)
Appendix A op |00 0000| 00 0000] 00 1101] 10 0011] 10 1011} 00 0100 00 0010
add | sub | ori Iw sw beq | jump

RegDst 1 1 0 0 X X X

ALUSrc 0 0 1 1 1 0 x

0 0 0 1 x x x

RegWrite 1 1 1 1 0 0 0
MemWrite 0 0 0 0 1 0 0

nPCsel 0 0 0 0 0 1 ?

Jump 0 0 0 0 0 0 1

ExtOp x x 0 1 1 x x
ALUctr<2:0> | Add |subtract| oOr Add | Add_[subtract| x

31 26 21 16 11 6 [

R-type o rs rt rd shamt funct | add, sub

I-type op | s | ot ] immediate
Jtype op |
i

| ori, Iw, sw, beq

target address | jump

Fall 2010 — Lecture #27 2

1

Boolean Expressions for Controller

RegDst = add + sub

ALUSrc = ori + lw + sw

MemtoReg = lw

RegWrite = add + sub + ori + 1lw

MemWrite = sw

nPCsel = beq

Jump = jump

ExtOp = 1w + sw

ALUctr[0] = sub + beq (assume ALUctr is 00 ADD, 01 SUB, 10 OR)
ALUctr[1l] = or

Where:

Ttype = ~Op; * ~Op, * ~Op; * ~Op, * ~Op, * ~OPy,

ori ~Ops * ~Op; * ©OpP;* Op,* ~Op,* 0P, How do W? .
1w op; * ~op, * ~op; * ~op, * op,* op, implement this in
sw ©Ops * ~Op; * ©OP;* ~OP,*  OP;* OPy o

beq ~Ops * ~Op; * ~Op; * ©Op; * ~Op, * ~Op, gates?

jump = ~ops * ~op, * ~Op; * ~Op, *  Op; * ~Op,

add = rtype °* func, * -func, * ~func, * -func, * ~func, * ~func,
sub = rtype * func, * ~func, * ~func, * ~func, * func, * ~func,

11/1/1
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Controller Implementation

opcode func

|— RegDst
add |— ALusre
sub |— MemtoReg
ori > RegWrite

“AND” logic [ w ] “OR” logic [ MemWrite

sw |— nPCsel

— Jump
beg |— ExtOp
jump [— ALUctr[0]

— ALuctr[1]

11/1/11 Fall 2010 - L
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Peer Instruction Summary: Single-cycle Processor

* Five steps to design a processor:

1. Analyze instruction set > Processor
datapath requirements Input

Control
2. Select set of datapath Memory

components & establish
clock methodology Datapath Output

3. Assemble datapath meeting

. 12 .
1) We should use the main ALU to a) FF the requirements
compute PC=PC+4 in order to save b) FT 4. Analyze implementation of each instruction to determine
TF setting of control points that effects the register transfer.
some gates c) )
d) TT 5. Assemble the control logic
2) The ALU is inactive for memory reads €) Help! : FDD"_“U'aCt_E L?tgic Equations
(loads) or writes (stores). o s )
Single Cycle Datapath during Jump
1 31 26 25 0
Bonus Slldes stype [ op | target address | jump
. * New PC ={ PC[31..28], target address, 00 }
* How to implement Jump Jump= Instruction<31:0>
nPC_sel=  —] Instruction & 12 |18 |a N
|Rd Rt ok Fetchunit| |5 (2 15 B [
RSt W 7 L
- Rs R AlUctr = Rt Rs Rd Immlé6 TA26
RegWr = I 5 5* 55* t cr MemtoReg =
Rw Ra Rb busA Zero
busW 32 x 32-bit 32 N
3C2Ik Registers | busB 0\ % 32
Ok | %) L z— ,
X WrEn Adr
imm16 —e ;,4—. 1 Datalngzy Data J
16 ] Clk [ Memory
ALUSrc =
117211 ure #29 11/2/11 ExtOp = Fall 2010 - Lectur
Single Cycle Datapath during Jump Instruction Fetch Unit at the End of Jump
31 26 25 0 31 26 25 0
aype [_op ] target address ] jump stype [_op | target address | jump
* New PC ={ PC[31..28], target address, 00 } * New PC={PC[31..28], target address, 00 }
Jump=1 Instruction<31:0> Jump Inst
nPC_sel=? Instruction & 18 14 Ja A Memory Instruction<31:0>
- h Uni o @D [
RegDst = x |Rdux |0R( Fetch Unit g § ‘5 5 g NnPC_sel—i—» . Adr
Zero ——i—p H
RegWr =0 Rs (Rt ALUctr =x Rs_Rd_Immi16 TA26 :
5* 5 lemtoReg = x
R busA MemWr =0
busw w Ra Rb 7 >
32 x 32-bit 32
3c2|k Registers | busB, 0\—-2
2 E 3 How do we modify this
WrEn Adr for i -
immis ——| B[ U Dotainz pata o to account for jumps?
16 ] Clk Memory N A
ALUSIc = x — 3
T E 3 clk
11211 ExtOp = x 0 ure 127 1 1211




Instruction Fetch Unit at the End of Jump

31 26 25 0
stype [ op ] target address | jump
* New PC ={ PC[31..28], target address, 00 }
Jump Inst
Memory Instruction<31:0>
nPC_sel—i— Adr
Zero m——i—p N
nPC_M‘UX_seI Qm
T 2 [3] e Can Zero still
Lo N - e €| getasserted?
\4
=1 § o
g 0| 4(wmsBs) |
— g—|% la e DoesnPC_sel
£
1

“imm16

N Ck need to be 0?
ﬂ_éj— e If not, what?
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