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Instruction
interpretation Part
and execution manufacture
Fetch Select
instruction part
Y Y
Fetch Drill
operands part
Y Y
ALU Cut
operation part
Y Y
Memory Polish
access part
Y Y
Register Package
write part
add r4, r3, r2 Make end plate

(a) Without pipelining/assembly line

Id r2, addr2

st r4, addrl

add r4, r3, r2

subr2,r5,1

shrr3, r3, 2
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(b) With pipelining/assembly line

Fig 5.1 Executing Machine Instructions
versus Manufacturing Small Parts

Cover
plate

End
plate

Top
plate

Bottom
plate

Center
plate

Part
manufacture

Select
part

Drill
part

Cut
part

Polish
part

A4

Package
part

© 1997 V. Heuring and H. Jordan /j




f/ 5-9

Fig 5.2 ALU
Instructions

Instructions fit into 5
stages

Second ALU operand
comes either from a
register or instruction
register c2 field

Opcode must be available
In stage 3 to tell ALU what
to do

Result register, ra, is
written in stage 5

No memory operation
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ALU operations including shifts

Instruction
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2. A
Decode
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operand
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ALU
operation Y VY
—>|Decode|—>| ALU |
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____________ z@ [ S
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Memory
access
5.
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Fig 5.4 The
Memory
Access
Instructions:
|d, Idr, st,
and str

« ALU computes
effective addresses

« Stage 4 does read or
write

* Result register
written only on load
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Id, Idr, la, and lar

Instruction
memory € (PC ]«

1

Instruction

fetch

2.
Decode
and
operand
read

v A - - regwrite
y Register file (€—
— — —IR2 |0p, ra| c121..00 HPC2 R[rb] R[rc] R[ra]:
ra
cl| c2 A
YY Vv
Mp3>| <
\ Mp4
-F---- x3]- - [¥3]- -+ —|- - -

Memory
access

________ |Z4 —
Data |
memory
Y
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Fig 5.5 The

Branch
Instructions

« The new program
counter value is known
In stage 2—but not in
stage 1

* Only branch and link
does aregister write in
stage 5

« Thereis no ALU or
memory operation
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Branch br and brl

Instruction
memory

1.
Instruction
fetch

\ 4

PC —

Register file

Y
- - — IR2|0p, ra| c2(2..00 HPCZ"R[rb] R[rc] R[ra]

2.
Decode
and
operand
read

T —

brl only
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Fig 5.6 The

SRC Pipeline
Registers and
RTN
Specification

e The pipeline
registers pass
iInformation from
stage to stage

* RTN specifies
output register
values in terms of
Input register
values for stage

* Discuss RTN at

each stage on
blackboard
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1] Y
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3. bri3 - X3:
ALU alu3 - X3 op Y3):
operation MD4 — MD3:
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Memory
access

Z5 ~ (load4 - M[Zz4]:

ladr4 Obranch4 Oalud - Z4) :
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IR5 « IR4;

> Data
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write
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Fig 5.7

The

Pipeline
Data

Path with

Selected

Control

Signals

e Most
control
signals
shown
and
given
values

* Multi-
plexer
control is
stressed
In this
figure

1.
Instruction
fetch

and
operand
read

Register
write

Instruction
memory

Mpl (=(branch2 cond) - Inc4):
Inc4 ( (branch2gcond) - PC2):
Gl
IR2 vy Y Register file <«— GAL
loprarbrecl c2} {PC2] ——|al Rl a2 R2 a3 R3[E —C% -
| ro—J <> J_ e ) w3
Mp2 cond Mp2 ~ (-store - rc):
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Mp3 ~ (rl Obranch - PC2):
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op ra ALU
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»Decode — ALU
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addr | Data
op ra >l memory
Mp5 ~ (-load - Z4):
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| Y Vv
> <\4 Mp5
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Fig 5.8
First Clock
Cycle: add

Enters

Stage 1 of
Pipeline

 Program
counter is
Incremented to
104

512: sub

112: str rl12, #32

108: brl r9,rl11, 001

104: Id r7,r5, #128

100: add r4,r6, r8

_______ Instruction<_pc 104—— — — — — — — — — _ _ _
memory _|
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fetch
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...... Memory
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T U Instruction|«pc 11— — — — — —
Fig 5.10 .
/' J«—wp1
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fetch
Cycle: br | 108: brl r9,r11, 001 112 o1
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Y
512: sub ... R4 |— — — — — — — !_zt_}——— MDA - — — {4 — —
addr Data
...... Lol > memory
112: str rl12, #32 4. i !
’ Memory load/st I—ﬁ I—;g |
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Fig 5.11
Fourth Clock
Cycle: str
Enters the
Pipeline

 addisidlein

stage 4

e Success of br
changes program
counter to 512

512:
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FI g 5 . 12 _______ Instruction'€pC 516—— — - — — — — — — — — —
. memory _I
Fifth Clock . I N e
. Instruction Inc4
Cycle: add fetch ET
C I t 512: sub, ... 516 <Ol
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Fig 5.14 Stall Due to a Data
Dependence Between Two ALU
Instructions

Clock cycle 3 Clock cycle 4 Clock cycle 5

Clock cycle 1 Clock cycle 2
New

Stalled

Stalled > Stalled > add r5, r8, r6

Id r8, addr2

Id r8, addr2

Id r8, addr2

Fetch Id r8, addr2

instruction
\ v Y \ Y
Stalled Stalled Id r8, addr2

Fetch | addr1,r2, 13 Stalled »| add r1, r2, r3 addr1, r2, r3 addri, r2, r3
operands \ \

y ) New New

ALU add @é r4

operation

Y

S

Memory | 16, 15, #1 add (r2)r3, r4
access
4 \
\ add @3, r4

Register | o117 (7. #2 sub r6, 15, #1
write \

Completed

addri, r2, r3

§
N B @

Completed Completed Bloop!

-
.
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Fig 5.15

Hazard

Detection

and

Can be from

either Z4 or Z5
to either Xor Y
input to ALU

rb and rc
needed in
stage 3 for
detection

A

Forwarding

hij
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——————— oy [« PC e~ =

. v Mex >
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Instruction Inc4 >
fetch Y
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[ |
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T
op ra ] |
3. P L;{
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operation sbecode L ls| X ALU Y
2 Z
\ A/ ¢ < Y 4
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op ra Hazard adar | Datd
»| detection and memdry
4. »| forward unit || 2 T I
Memory <
access Decpdp >
| IV Y
\ A > |Mp5
YV — Hazad |
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Microprogramming: Basic ldea

 Recall control sequence for 1-bus SRC

Step Concrete RTN Control Sequence
T0 MA - PC: C -« PC+4; PCyu, MAin, INC4, C;,, Read

T1T MD - M[MA]: PC - C; C,, PC;,, Wait

T2 IR <« MD; MDout, IRin

T3 A < R[rb]; Grb, Rout, Ay,

T4 C ~ A+Rjrc]; Grec, R, ADD, C,
5  R[ra] <« C; C.ut Gra, Rin, End

« Control unit job is to generate the sequence of control
signals

« How about building a computer to do this?

Qomputer Systems Design and Architecture by V. Heuring and H. Jordan © 1997 V. Heuring and H. Jordan /j
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Fig 5.16 Block Diagram of
Microcoded Control Unit

Ck CCs Other @ —m———————.

LT mCoee T

PLA

e Microinstruction has
branch control,

Sequencer (computes

2 External
i ] = Tdr) source branch address, and
JL Y i v control signal fields
Increment 4-1 Mux )
X 0  Microprogram
| e | counter can be set
) | from several sources
to do the required
Control I
k ot n sequencing
im
uBranch | | HIR |
trol
oYY Y Y Y Y e

Control signals address
PCout’ etc.
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Tbl 5.2 Control Signals for the
add Instruction

—

8 'C_E -l—" E +

O 25|13 o g =g |5 c T BRIl slal olo
RS EES SRR EE N EEE
101 |+ |1|{0Of0OfO|2]1]0|0OfO|O|2]12]0]0|0OfO|O]|O
102 |+« |O|1[0Ofl0O|O|O]1|0OfO|O|O|O|1]0|0Of0O|O]|O
103 |+« |O|Of21|0O|0O|O|]O|1[O|0O|O|O|O|O|OfO|O]O
200 [+ |O]O|Of2|(0O|O|O]JO]1|O0OfO|O|O|O|O]1|0OfO
201 [+ |O]O|Of2(0O|2|0O]O]|OfOfO|O|JO|1]0]O0Of1|O
202 [+ |O]1|0f[0OfO|O|O]O]Of1|[O|0O|O|O]1]0|0Of1

\Computer Systems Design and Architecture by V. Heuring and H. Jordan © 1997 V. Heuring and H. Jordan /j

« Addresses 101-103 are the instruction fetch
« Addresses 200-202 do the add

 Change of pcontrol from 103 to 200 uses a kind of
ubranch
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Fig 5.18 Branching Controls in the
Microcoded Control Unit

|
, | PLA  5branch
— ) : l External address conditions
2
' |
DZL—\' A 1 v e NotN
) i 4-1 Mux e N
2 I ¢
| e NotZ
_Di | L Iner <7 UPC Branch
_ 4| r==___ | ¢ address e Z
 Unconditional
Control
store e To 1 of 4 places
v « Next
0(0(0|0|0|0|0| Control signals 244, uinstruction
iMuxcontrob—Lr‘ ¢¢¢¢ ¢ e PLA
BrUn
BrNotZ Mux Ctl Select ° External
Brz 00 Increment pPc
BrNotN 01  PLA address
BrN 10 External address
11 Branch address « Branch address
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Fig 5.19 A Somewhat Vertical

Encoding
ALU Register-out
ops field field

LR F5 | eee | F8

« Scheme would save (16 +7) - (4 + 3) = 16 bits/word in the
case illustrated

¥

4-16 decoder| | 3-8 decoder

I

16 ALU 7 Reg,
control control
signals signals
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Fig 5.20 Completely Horizontal and
Vertical Microcoding

uPC
Vertical
control
Horizontal store
uPC control
store
W
e 3 e S48 n to 2n decoder path
SN = e
PCOUt

MA.

Inc4

WELVAIVAY
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See-Through Latch Hardware for IR
So pPC Can Load Immediately
IRB1..270 5 UPC..00
Bus —~—{D Q|—# PLA 41D Q
5 5 10  Data must have
time to get from
S Cl —D MD across Bus,
through IR,
through the PLA,
and satisfy uPC
Clock set up time
cycle - > before trailing
Strobe S | edge of S
BUS <20 TTVAld data
Sata at P Ly Valid_data B
Data at R valid__
/
Latch delay
PLA delay 7
PLA output strobed into pPC
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L

CON n=0 Exception Reset |

Fig 5.21 SRC Microcode Sequencer
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)
4

400 4@[}«

Sequencer

000 ﬁ”;&a
Branch

2-1 Mux

Mux control
BrUn

BrCON

BrN#0
BrN=0
End

PLA address
External
address
) v v
4-1 Mux
Increment |«€—| uPC

"y
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Thl 5.6 Somewhat Vertical
Encoding of the SRC

—

F1 F2 F3 F4 F5 F6 F7 F8 F9
Mux | Branch End Out In Misc Gate ALU Branch
ICtl | control signals [signals ' regs. address
00 [000 BrUn [0Cont.[000 PCyyt [000 MAi, 000 Read [00 Gra (0000 ADD _
01 [001 Br-CONLEnd f001C,, [001 RCj, 001 Wait 01 Grb [0001 C=B |10 bits
10 | 010 BrCON 010 MD.. . 010 IR. [010Ld ]10 Grc [0010 SHR
out Rin
11 |011Br n=0 5 5 " [011 Decr |11 None 0011 Inc4
100 Br nz0 11 Rout 011 Ain hoo con, .
101 None 100 BAout (100 Rn  ho1 ¢, .
101 cloyt [101 MDip g1 stop .
110 c25yt 110 None |111 None 1111 NOT
111 None
2bits| 3 bits 1 bit 3 bits 3 bits 3 bits 2 bits 4 bits 10 bits
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