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Make-up
Labs:

CANNOT

make-up a

lab you
have
already

had
marked

This Week in CSE 2021

----——
1

Sep 05 - Overview of the course
2 |Sep12 v v - Performance and Data Translation
3 [Sep19 v v A Code Translation
4 | Sep26 v | Quiz #1 B Translating Utility Classes
Oct 03 Translating Objects

Oct 17 v Mid-term Introduction to Hardware

<

———

6 |Oct24 v v Make-up Labs Machine Language + Fluatfg—'ﬁh
Oct 31 v v K The CPU Datapath

10 Nov 07 v | Cuiz #2 L The 5Single-Cycle Control

11 Nov 14 v v M Pipelining

12 | Nov 21 v v N Caches

13 |Nov 28 v | Quiz#3 Make-up Labs

14 Dec05 v No lecture on Wednesday

W-M ¢



Agenda

Topics:
1. Register files, Decoder, Data Memory, Instruction Memory —
Building Blocks

2.  Complete hardware implementation of goal instructions

f
:
T
t
7

)

Patterson: Appendix C, Section 4.1, 4.2, 4.3

WE-M 3



Overview (1)

Goal: Implement a subset of core instructions from the MIPS instruction set, given below

| cawgory [ instructon [  Example [ Meaning | Comments ]
»>
= add add $sl1,$s2,$s3 Ssl « $s2+$s3
subtract sub $sl1,$s2,$s3 $sl « $s2-$s3
Arithmetic dd Ss1, 552, 583 551 5528553 _
L and LOgical and a Sl,984,9S S — S2&9S & => and
l-ll or or $s1,$s2,5$s3 $sl « $s2|S$s3 | => or
i If $s1 < $s3, S$sl<l
slt slt $sl1,S$s2,$s3 else Ss1e0
load word 1w $s1,100($s2) Ssl « Mem[$s2+100]
Data Transfer
store word sw $s1,100($s2) Mem[$s2+100] « $sl1
branch on equal beg $s1,$s2,L if ($s1l==$s2) go to L
Branch
unconditional jump | J 2500 go to 10000

WiE-M 4




Basics: Clocked D Latch (4)

1. ForaD-latch: output Q=1 when D =1 (set condition)
output Q = 0 when D = 0 (reset condition)

& _hU4 i
T
NOR2S C D Q Q r :Q
B IBD?E:):)O’* Q 0 X Unchanged
T eew Yoms 1 0 0 1 Reset
1 1 1 0 Set
Logic Diagram Function Table

2. D Latch requires clock to be asserted for output to change

Setup Time




Basics: Falling Edge Triggered D flip-flop (5)

— D Q . D Q D_'
C —C|:> C QN Q:&
C T U3
Latch changes
Logic Diagram state on falling
Output Q follows D but changes only at the clock falling edge edge of clock

iC

IDUT/U_DLatchFallingEdge/FinSignal _U1_Q

a

| B 2

—

WH-M b
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Basics: 32-bit Registers (6)

Falling edge triggered D flip-flops can be combined to form a register

WE-M

Clock

A3l

U032

——=D Q

U1

+—=Ce C

S0

FD 1

U2

—0r C

S1

FD_1

U3

—=C C

S2

FD_1

U32

FD

—Cp C

FD 1



Basics: Register Files (6)

Register files consist of a set of registers that can be read or written individually
In MIPS, register file contains 32 registers
Two registers can be read simultaneously

b=

One register can be written at one time

U RegFile

RegFile.SchDoc

> ReadAddrA[4..0] DoutA[31..0] _ r——
> ReadAddrB[4..0] DoutB[31..0] __——

" WriteAddi[4..0]

WE-M




Basics: Write Enabled 1-bit Register (7)

1-bit Register, Write enable,

Write Operation: falling edge triggered
' Slight change to D Din LDU(H Ul
r flip-flop to include a War o BE Q p—1 D Q P Dout
- ”Write” input C C
% — Din (Data input) @{FDE |_%FD_1
¢ changes flip-flop state
7 only if “Wen” (Write
enable) is true
— Clock that controls the ’ o
write operation timing © )

WEN 1

{2}PinSignal_U01_Q (U

n u

WM




Basics: 32-bit Register (8)

=23 L] v Dout[31.0]
T Write § ;ﬂa Dout [_————
Register: e Clock |
- We dupllcate the Fllp' U_Bitl
T flops from the previous =1 o 2
slide to form a 32-bit -
register
L . . ;;vﬁlﬁtF.Schm
f Each bit receives the NUIES s B
. | Wen
- same “Write” and > c
B Clock inputs which
. o, .
; enable the writing of
¢ data “Din”
: A single set of Dout
-k lines allows the NI %f;.m e B
¢ ] register to be read o
11
4
B
s0F s
Fﬁ"ﬁ ﬁ WE-M 18
I



Basics: Write Operation in Register Files (9)

ReadAddrA[4..0]]
We now duplicate the 32-bit
reglsters frorp the preV}ouS ) _émum .
H slide to provide 32 registers =iy
. . TG =
Of the Reglster Flle - Ras320itl F. SchDoc
/-“ ibeHo 12 > Witz Dow(31.0] [
'::D 2{:;5{1..0]
| Write Operation:
— Register number of the -
register to be written is one
input (erteAddr buS) o el __I%DJEE;ISCTE Deup1.0) [
. . L - M1_SIELS 5 Clock -
— Data to be written is the m oL
second input (WriteData S S USL ae
bus) 1 = e
— Clock that controls the write o MiteAddi {4, 0] |
operation is the third input
- DGCOderS arc USCd iIl the m_smls=
write operation
WeitDewl31..0] W?ﬁlTEDﬂ31”O] FHEn REDJ:;ZSGM Dout{31..0] [ e
1.0 Dinf31..0]
— Clock | -
ReadAddrB[4..0]

WE-M L1
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Basics: Read Operation in Regist

Read Operation:

Register number (address)
of the register to be read is
provided as input

Content of the read register
is the output of the register
file

Multiplexers (2 stages) are
used in the read operation

M
AT

er File (10)

U_Reglé
RogithalF SchDoz

‘‘‘‘‘‘

Lo
o OBLA
WY NELO
WY MELO
4 LELO
WY K[LO
WY IEL0]
W 130
YL
w5 H[ELO]
WY a[ELD
W L0
WY EBL0]
WY DL
W cpLa
E(LO]
ABLA
sz
ReadAddrAl4..0]
U_Rezd
- R;;E:,br.lr SbDos . Ll )
WrgaEall v Dow31.0] E\g
= Din[31.0] = =
> Clock = 2
ezl PELO
Pl Rag3ItlF Sclo: o OBL0Y
BERE ==t TR g
| F=5 et WY LELO
HY K[ELO
HY IEL
k- Bl
V[31.0] Joreen
s HELO]
HY e[l
WY L
wY ERLO
. A DELA
Rl w5 el
E(L0]
T_Raglt AR
» B3 lF Schios /
WrisEall? —— Dol O 352 B16B1
bt D210
1 Ciock

&
I |

[ Wrae Douf31.0] |
[ Da[Lo)
T Chock

U_Regil
Rag3ltalF cilos

Wriss Dot[31.0] [ (e

Dea[31.0]
Clock

ReadAddrB[4..0]

L) 4
i fid iy :

#b855EEES

HREEEE HEUEREY
=
i

R
i e

heird

ERREToRcy=porE) =

Bl owmoogmesam
w ) BRI

FaaddddEd o

WE-M
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Basic Building Blocks (1)

11

1. Program counter: 2. Sign-extension unit:
llf contains address of next instruction extends a 16-bit integer to a 32-bit integer
n
- U_ALU32bitInvSltTz
1 ALU32bitInvStTz.SchDoc

! U? >

B A31.0] ¢

ERBNRRRY;

—3 1 [31_0] S Resul(31.0]
<

SLT

> TestZero I
\B[31..0]

[ B[31.0]
ADDF32B

3. Adder: 4 ALU:

adds two 32-bit integers add/subtract/and/or/compare two 32-bit integers
WE-M 13

S[31..0]

erflow
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Basic Building Blocks (2)

M
=+ (LK
DOUTL.] =
ADDR[.] &=
ROMS
5. Instruction memory U RegFile
RegFile.SchDoc
——— > ReadAddrA[4..0] DoutA[31.0] [ —
M?
i DINL —— > ReadAddrB[4..0] DoutB[31.0] [ ——
"t .| £
DOUT[.| &= e
——1 > WriteAddi[4.0] 2E
ADDR[.] € —— WiebasLo O %
WE =+
RAMS ‘ ‘
6. Data memory unit 7. Register File
WE-M

14



Datapath: Fetch Instruction

Provide address from PC to

Instruction Memory

Increment PC by 1 word (4 bytes)

Fetch the instruction

U_ProgCounter
Reg32? SchDoc

U4
0100
NUM4

Value of 4

ADDF32B

M1

< CLK
DOUTL.]

ADDR[.]

==

Instruction

=

ROMS

InstrAddr

WE-M

15



Datapath: R-type Instructions

R-type instructions include arithmetic and logical instructions (add, sub, or, and, slt)
Example: add $s1,$s2,$s3

1. Read two registers ($s2, $s3) specified in the instruction

2. ALU performs the required operation (add) on the two operands

3. Output of ALU is written to the specified register ($s1)

— ] U_ALU32bitlavSH Tz
ALU3bitiavSli Tz SchDoe

=2
il A[31..0] il
U ResFile 5

RegFile SchDoc =¢  Result[31..0]
) Read Addr AL ] DoutAf31.0] [ f:

Instructi H-

ki) HGL By Read AddrB[4. 0] DoutB(31.0] [}

TestZero I

L
.
.
i
¢

— itz 4ddr{4.0]
e /5iteData[31.0]

=]
S
% Clock

.

A -

-21'1-1'!-

WE-M

== e ss B
w

—

R =

—



- Store instruction:
h sw $sl,o0ffset ($s2)

' 1. Read two registers ($s1,$s2)
- specified in the instruction.

2. Offset 1s extended to 32 bits.

3. ALU adds offset with
specified register ($s2) to obtain
data memory address.

4. Address along with data of
the register ($s1) to be stored
passed to data memory.

Instruction

U_RegFile
RegFile. SchDaoc

Datapath: Data transfer Instruction (1)

B A[31..0]

+ > ReadAddraA[4.0]

s> ReadAddrB[4.0]

> WriteAddd[4_0] EFE
TUSCWHEDAEGT] O

DoutA[31..0] [}

>

Bl B[31..0]

DoutB[31..0] [

—COyerllow

U_ALU32bitlnvSkTz
ALU3I2bitlnvShTz.SchDoc

Result[31..0]
SLT

TestZero

U_SignExt
SignExt.SchDoc

M2

-1+ CLK

WE-M

DIN[. ]
DOUT[. ] {=

ADDR[]
WE p—-

RAMS

1/
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Datapath: Data transfer Instruction (2)

Load instruction 1w $s1,offset ($s2)
Read register ($s2) specified in the instruction. 2. Offset is extended to 32 bits.
ALU adds offset with specified register ($s2) to obtain data memory address.

Data memory transfers data from provided address to Register file where it 1s stored in
the specified register ($s1).

.
3.
4.

Instruction

U_RegFile
RegFile. SchDoc

i Readaddra[4.0]

} > WriteAddr[4..0]

| Readaddnls o)

DoutA[31.0] [

B A[31..0]

DoutB[31 0] [

I_D WriteData[31..0]

Clogk
Wrile

B>

5
|

U_ALU32bitlnvShTz
AL U3 2bitInvSkTz SchDoc

Result[31..0] W
SLT I

TestZero HY

U_SignExt
SignExt. SchDoc

WE-M

M2

=== CLK

DIN[.] &=
DOUTL..]

ADDR[. ]
WE |+

RAMS

1v
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Datapath: Data transfer Instruction (3)

Load and store instruction combined

U_RegFile

U_ALU32bitInvSitTz
ALUI2bitlnvSitTz.SchDoc

/

—eBD A[31..0]

ALUOPp|[2..0

Result[31..0]

RegFile. SchDoc
y > ReadAddrA[4..0] DoutA[31..0] [
Instruction I ReadAddrB[4..0] DowB[31.0] [

T WriteAddr[4..0]
. WriteData[31..0]

For LLoad Only

> SLT
TestZero I

z
my

U_SignExt
SignExt SchDoc

WE-M

For Store Only

M2

- CLK DINL.]
DOUT]..]
ADDR[.]
WE |=+
RAMS

19



Datapath: Branch Instructions

Example: beq $s1,%$s2,Loop

4 Compiler translation:
beq $sl1,$s2,w _offset R

Ubeq =

A[31..0]
1. Read two registers 1.0 Branch Target[31..0]

($s2,$s3) specified

1n the instruction

E[31..0]

M32_B2BI

ADDF32B

U SI2Unit
SI2Unit.SchDoc

2. ALU compares

U_ALU32bitlnvSitTz
ALU32bitInvS1tTz. SchDoc

content of specified

registers ($s1,3s2) %ﬁﬁm = o Result[31..0] M
3. Adder computes s e
p - y > ReadAddrB[4..0] DouB[31..0] [ To B h Loegi
the branch address " " T TestZero M| onctt LOBIC
v > WriteAddr[4..0] %_ Overflow W
4. If equal (zero = 1), |—3 R 2
branch address is I

copied to PC

WE-M ol
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