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Chapter Contents
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The Fetch-Execute Cycle

» The steps that the control unit carries out in executing a program
are:

(1) Fetch the next instruction to be executed from memory.
(2) Decode the opcode.

(3) Read operand(s) from main memory, if any.

(4) Execute the instruction and store results.

(5) Go to step 1.
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High Level View of Microarchitecture

« The microarchitecture consists of the control unit and the pro-
grammer-visible registers, functional units such as the ALU,
and any additional registers that may be required by the con-

trol unit.
Registers
¢ «— 5] Control Unit
ALU
I | I |
Datapath Control Section
(Data Section)

SYSTEM BUS
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Control
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ARC Instruction Subset

N

Mhenoni ¢ Meani ng
B | d Load a register from nenory
st Store a register into nenory
B sethi | Load the 22 nost significant bits of a register
andcc | Bitw se | ogical AND
orcc Bitwi se | ogical OR
orncc | Bitwi se | ogi cal NOR
srl Shift right (logical)
[ | addcc | Add
B cal | Cal |l subroutine
j mpl Junp and link (return from subroutine call)
be Branch i f equal
bneg Branch if negative
bcs Branch on carry
bvs Branch on overfl ow
B ba Branch al ways
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SETHI

Br anch For mat ‘O 0

For mat
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ARC Instruction Formats

op
1
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1110 09 08 07 oe 05 04 03 02 0100
T T T T T T T T T T T
O 0 rd op2 | mr22
1 | | | 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1
T T T T T T T T T T A T T T T T T T T
0| cond op2 ' di sp22 ‘
1 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1

3130 29 28 27 26 25 24 23 22212019 18 17 16 15 14 13 1211 10 09 08 07 os 05 04 03 02 01 00
CALL f Or rTat ‘ 0I 1 T T T T T T T T dl Sp3o T T T T T T T T T ‘
[
—
3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
At hmeti 10 rd | op3 | rsl [0/00000000 rs2 |
For rrats ‘1 O T \rd T T I0b3\ T T rSl T 1 T T T T SI mTﬂ.3 T T T T ‘
3130 29 28 27 26 2524 2322 21 2o 191817 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00
11 rd | op3 | rsl [0/00000000 rs2 |
Nen'Dry For rTB.tS T T T T T T T T T T T T T T T T T T I_I T T T T T T
11 rd op3 rsi 1 si mml3
op For mat op2| Inst. op3 (op=10) op3 (op=11) cond | branch
00| SETHI/Branch| | 010| branch 010000 addcc| | 000000 Id 0001 | be
01| CALL 100| set hi 010001 andcc| | 000100 st 0101 | bcs
10| Arithmetic 010010 orcc 0110 | bneg
11| Menory 010110 orncc 0111 bvs
100110 srl 1000 | ba
111000 j npl

PSR

3130292827 262524232221201918171615141312111009 0807 06 050403020100
T T T T T T T T T T T

nizivic
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A
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o A

A4

2, w2 =

5"j3 %3 g

: 4 %4 ‘:_

Decoder
C37

UNIT

ARC Datapath

32
64-t0-32
MUX

CBus
MUX

32

Data From Main Memory

CLOCK |

MUX Control
32/ Line(From
Control Unit)

B [
10 % 10 ]

38

Decoder
a7

te

bOB

NIET=

f" 7 %7 E_

: g %8 [

5"j9 %9

L 'j <
L3 W30 o

3 j a1 %31 o

_j 3% enp0d

: pYenpl [

J ssYenp2

| s%emp3 o

24

32

Address To
Main Memory

To Control
Unit

Decoder
b37

{i 6
From Control
Unit

4 nzv,c

From
Control
Unit |

Aowe N
UR\ 01 erq

Set Condition Codes (SCC)
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ARC ALU Operations
F; F, F1 Fy Operation Changes Condition Codes
0 00 0 | ANDCC (A B) yes
O 0 01 ORCC (A, B) yes
O 010 NORCC (A, B) yes
0 01 1 |ADDCC (A B) yes
O 1 0O SRL (A, B) no
0101 |AND (A B) no
O 110 OR (A, B) no
0O 111 NOR (A, B) no
1 0 0 O ADD (A, B) no
1 0 0 1 | LSHFT2 (A no
1 0 1 0 | LSHFT10 (A no
1 01 1 | sSivm3 (A no
1 1 00 SEXT13 (A no
1101 |INC(A no
111 0 | INCPC (A no
1 11 1 | RSHFT5 (A no
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bs; ag; b3p g9 by &g bpag O
Block e et
- /4
D|ag ram ALU ALU ALU ALU |
LUT3, LUT5 LUT, LUT, /
4 >
of ALU J 2
carry J 2
z z z Z i
1] 3 Py 'y Y Y
BARREL Direction of Shift [€— Barrel Shifter
SHIFTER  Shift Amount (SA) [« Control LUT
5
Fs F)
Y VY l Y Y Y Y
V. C N G C30 Z C Co SCC: Set Condition Codes
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Gate-Level Layout of Barrel Shifter

Bit 31 Bit 30 Bit 1 Bit0
. Bit3 Bit 2

Bit 29 Bit 28 -
<H
)7
% Shift Right
(( o<7
))

| g | s
Blt 2
Bit 29

N2
A~

A N
~ NN

Shift Right

N
~

FY T

Co .
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Truth Table for (Most of the) ALU LUTs

F: F» F1 Fo Carry & z, Carry
In Out

o)

ANDCC
/\

2 <

eololololololNolololoeloelNeleNo)
eoleolololololNololololoelelelo)
eololololololNololololoelelele)
PRPPRPPPPOOOCOOCOOO
PRPOOOCOFRRFRPFRPPFPOOOO
oCorPrRPOOFRPEFRPOORFRPEFLOO
POFRPOFRPOFRPROPFRPOPFRPLORFRO
RPORFRPFRPPFPOPFRPROOORFRLROOO
eololololololololololololelNe
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Data inputs from C Bus
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Design of Register %rl

Cat Cso Co
LD i LD 1 LD nl
CLK — N
D D D
B [ il

Write select (from ¢

bit of C Decoder)

A bus enable (from —S ’X o ﬁ

a, bit of A Decoder) X/ ’X_ ﬁ_
B bus enable (from
b, bit of B Decoder)

Agy Az Ao B3 B3o Bo
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Csp

Outputs to Control Unit from
Register %ir

Data inputs from C Bus

N

Chapter 6: Datapath and Control

Co

| nstruction
flelds

op

rd op2 rsil

| |
op3
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Microarch-
itecture of
the ARC
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Data Section (Datapath) Control Section
To A Decoder " I
:|/ 6 Control Store Address |
Incrementer (CSAI) 8
A MUX | Sdect ‘g
MIR [ 1| 00
ToC 0, rs1 A field 11 1vEll 00 = Next
Decoder A /T/ A 4 AAAAS 01 = Jump
5 6 [ E— —
6 Next Decode Jump ‘10_ Inst. Dec.
|, |To B Decoder CS AddressMUX
C MUX Scratchpad J( .
; MIR 11
field 0, rd
3 C‘Led Ar B MUX A 4
6 L5 MIR ([ ]
0,rs2 B field| 2048 word x 41 bit Control
e A A Store
5 6 g Microcode
o r|rd | r52| | rsi |ops "~ 41 Instrqctlon
'y N . B Register
|2 " " M (MIR)
! A X B % CW DR ALUCOND UMPADDR
@ . _
a CLOCK =
© UNIT &
I a ]
32 S 3
| < oM 2
L | R[ 30, 31, 19- 24]
1
64-t0-32
MUX Y
Control
?\:Aﬁl;(s branch
logic (CBL)
4 1

Set Condition Codes

A

A ]

== Address

Data Out

% Dataln RD WR
MAIN MEMORY

2% pyte
address Acknowledge (ACK)

space
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Microword Format

B C
M M
U URW
B X C XDR ALU COND

JUMP ADDR
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Settings for the COND Field of the

Microword

C; G G

Operation

R P O O0OO0OO0O
R PO OPF F OO
b OPF OFr OFr O

Use NEXT ADDR

Use JUMPADDRIfn=1
UseJUMPADDRIfz =1
Use JUMPADDRIfv =1
UseJUMPADDRIfc =1

Use JUMP ADDRIf | R[ 13] =1

Use JUMP ADDR
DECODE
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IR bits—

op op3

Chapter 6: Datapath and Control

DECODE Format for Microinstruction
Address

31 30|24 23 22

op2
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Timing Relationships for the Registers

Settling time for slave sections
of registers. Perform ALU
Master sections settle. functions. n, z, v,and c flags

'E become stable.

Clock T

/ N\

Master sections of Slave sections of
registers loaded on registers loaded on
rising edge falling edge
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Partial ARC
Microprogram

1152:

1280:
1281:
1282:
1283:

1600:

1601:

1602:

1603:

1604:

1605:

1606:

1607:

1608:

1609:

1610:

1611:

1624:

1625:

1626:

1627:

1688:

1689:

1690:

1691:

1760:
1761:

Address Operation Statements

0:
1:

Riir] « ANXRpc],Ripc]); READ
DECODE;

/ sethi

Rrd] « LSH FT10(ir); GOTO 2047,
[ call

R[15] ~ AND(R[pc],R{pc]);
Ritenp0] ~ ADX(R{ir],Rlir]);
Ritenp0] ~ ADX(R[tenp0], R[tenp0]);
Rl pc] ~ ADD(Rpc], Rtenp0]);
GOTO 0;

/ addcc

IF RIIR[13]] THEN GOTO 1602;
Rrd] ~ ADDCC(R[rsl],R[rs2]);
GOTO 2047;

R tenp0] ~ SEXT13(Rir]);

Rird] -~ ADDCC(R[rs1],Ritenmp0]);
GOTO 2047;

/ andcc

IF RIIR[13]] THEN GOTO 1606;
Rird] « ANDCC(Rrs1],Rrs2]);
GOTO 2047;

R tenp0] ~ SIMML3(R[ir]);

Rird] « ANDCC(R rsl1], R tenp0]);
GOTO 2047;

/ orcc

IF RIIR[13]] THEN GOTO 1610;
Rrd] ~ ORCC(R[rsl],Rrs2]);
GOTO 2047;

R temp0] ~ SIMMI3(Rir]);

Rird] ~ ORCC(R[rsi], R tenmp0]);
GOTO 2047;

/ orncc

IF RIIR[13]] THEN GOTO 1626;
Rrd] — NORCC(R[rsl],R[rs2]);
GOTO 2047;

R tenp0] ~ SIMML3(Rir]);

Rird] ~ NORCC(R(rs1],RitenpQ]);
GOTO 2047;

/ srl

IF RIIR[13]] THEN GOTO 1690;
Rird] « SRL(Rrs1],Rrs2]);
GOTO 2047,

R tenp0] ~ SIMML3(Rir]);

Rird] « SRL(R[rsl],R(tenmp0]);
GOTO 2047,

[ jnpl

IF RIIR[13]] THEN GOTO 1762;
Ripc] ~ ADD(R{rsi],R[rs2]);
GOTO 0;

Comment

/ Read an ARC instruction from main memory
/ 256-way jump according to opcode

/ Copy imm22 field to target register

/ Save %pc in %r15

/ Shift disp30 field left
/ Shift again

/ Jump to subroutine

/ |s second source operand immediate?
| Perform ADDCC on register sources

/ Get sign extended simm13 field
/ Perform ADDCC on register/simm13
/ sources

/ Is second source operand immediate?
| Perform ANDCC on register sources

/ Get simm13 field
| Perform ANDCC on register/simm13
| sources

| Is second source operand immediate?
/ Perform ORCC on register sources

/ Get simm13 field
/ Perform ORCC on register/simm13 sources

/ |s second source operand immediate?
/ Perform ORNCC on register sources

/ Get simm13 field
/ Perform NORCC on register/simm13
| sources

| Is second source operand immediate?
/ Perform SRL on register sources

/ Get simm13 field

| Perform SRL on register/simm13 sources

/ Is second source operand immediate?
/ Perform ADD on register sources

~
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Partial ARC

1762:
1763:
1792:
1793:
1794:
1795:
1808:

1809:

Microprogram -

42:
43:

(cont’)

1810:
1811:

1088:

N2 RRN

10:

11:
12:

13:

14:
15:
16:
17:
18:
19:
20:
47:

Rl tenp0] ~ SEXT13(R[ir]);

Ripc] « ADXR[rsi1], Ritenp0]);
GOro 0;

/ 1d

Ritenp0] ~ ADXR[rsi1],Rrs2]);
IF RIIR13]] THEN GOTO 1794;
Rird] ~ AND(R[tenp0], Rl tenmp0]);
READ;, GOTO 2047;

R temp0] ~ SEXT13(Rir]);
Ritemp0] ~ ADD(R[rsi1], Rtenp0]);
GOTO 1793;

| st

R tenp0] ~ ADD(R[rsl1],R[rs2]);
IF RIIR13]] THEN GOTO 1810;
Rlir] « RSH FT5(R[ir]); GOTO 40;
Rlir] « RSH FT5(Rir]);

Rlir] « RSH FT5(Rir]);

Rlir] « RSH FT5(Rir]);

Rlir] « RSH FT5(Rir]);

RIO] ~ AN R tenp0], R[rs2]);
WRI TE; GOTO 2047;

Rl tenp0] ~ SEXT13(R[ir]);
Ritenp0] ~ ADXR[rsi1], Ritenp0]);
GOTO 1809;

/ Branch instructions:
GOT0 2;
R[ t enp0]
Rl t emp0Q]
R[ t enp0]
Rir] «

ba, be,

~ LSHIFT10(Rir]);
~ RSHI FT5(R[ tenp0]);
« RSHI FT5(R[ tenp0] ) ;
RSHI FT5(R[ir]);
Rir] « RSH FT5(Rir]);
Rir] « RSH FT5(Rir]);

IF RIITR[13]] THEN GOTO 12;
Riir] ~ ADD(Rir],Rir]);
IF RIIR[13]] THEN GOTO 13;
Riir] « ADD(R{ir], Rir]);

I F Z THEN GOTO 12;

Riir] « ADD(Rir], Rir]);
GOTO 2047,

Rl pc] ~ ADD(R[pc], Rltenp0]);
GOro 0;

IF RIIR[13]] THEN GOTO 16;
Riir] ~ ADD(RIir],Rir]);

I F C THEN GOTO 12;

GOTO 2047,

IF RIIR13]] THEN GOTO 19;

I F N THEN GOTO 12;

GOTO 2047,

I F V THEN GOTO 12;

GOTO 2047,

Ripc] « INCPC(R[pc]); GOTO O;

bcs,

/ Get sign extended simm13 field
| Perform ADD on register/simm13 sources

/ Compute source address
/ Place source address on A bus

/ Get simm13 field for source address
/ Compute source address

/ Compute destination address

/ Move rd field into position of rs2 field
/ by shifting to the right by 25 bits.

/ Place destination address on A bus and
| place operand on B bus

| Get simm13 field for destination address
/ Compute destination address

bvs, bneg
/ Decoding tree for branches
/ Sign extend the 22 LSB’s of %temp0
/ by shifting left 10 bits, then right 10
/ bits. RSHIFT5 does sign extension.
/ Move COND field to IR[13] by
/ applying RSHIFT5 three times. (The
/ sign extension is inconsequential.)
/s it ba?

/ Is it not be?
| Execute be

/ Branch for be not taken
/ Branch is taken

/s it bcs?

| Execute bcs

/ Branch for bcs not taken

[ Is it bvs?

| Execute bneg

/ Branch for bneg not taken

| Execute bvs

/ Branch for bvs not taken

/ Increment %pc and start over

~
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Branch Decoding

* Decoding tree for
branch instructions
shows correspond- Line8 —> | R 28]

iINng microprogram /\
lines:

Chapter 6: Datapath and Control \

| R[ 27] «— Line9 Line 12

TN

be | Line10 | R 26] <«— Linel3

PN

| Rl 25] <«— Line16

N

Line17 |bneg vs | Line19

Line14| bcs
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ba
cond

28 27 26 25| branch
0 0 01 be
0 101 bcs
0110 bneg
01 11 bvs
1 00O ba
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Assembled
ARC
Microprogram

. Q Sl ,\C/’; Chapter 6: Datapath and Control
Microstore
Address v v URW

A X B X C XDR ALU COND  JUMPADDR

0j100000/0100000/01001010]100101/000/00000000000O0

1/000000/0000000|0j00O0O0O0OO0OOOO0O1I0111100000000000
1152 1100101/0000000/0000000j1/0/01010[210(1111221111111
1280 (100000/0j100000/0j00121110000101000000000000000
1281 (100101/0/100101/0j1000010/001000/00000000000000
1282 (100001/0j100001/0j100001000100000000000000000
1283(100000/0j100001/0j100000/0/00)1000[110000000000000
1600 (000000|0j00000O0|0j00O0O0O0OOOIOIOIO010110111001000010
1601 [000000j1j000000|2/000000(2000011110[11111111111
1602 (100101/0[000000j0j1000010001100000000000000000
1603|1000000/22100001/0000000j1/0/00011/2210(1111221111111
1604 (000000/0j000000|0j0O0O0O0O0OOIOIOI010110111001000110
1605 [000000j1j0000002/000000(1000000]110[11111111111
1606 (100101/0[000000|0j1000010001011000000000000000
1607 |1000000/22100001/0000000j1/0/00000|210[11111111111
1608 (000000|0j000O0O0OO0|0j0OO0OOOOIOIOIO010110111001001010
1609 (000000j|1j000000j2/000000200000111011111111111
1610 (100101/0[000000|0j1000010001011000000000000000
1611|1000000/22100001/0000000j1/0/00001/210[11111111111
1624 (000000/0j00000O0|0j00O0O0O0OOOOOI010110111001011010
1625(000000j1j000000j1/000000(2000010(110[11111111111
1626 (100101/0[000000j0j1000010001011000000000000000
16271000000/22100001/0000000j1/0)00010[210[11111111111
1688 (000000/0j00000O0|0j0O0O0O0OOOIOIOI0O1I0100011010011010
1689 (000000j1j000000j1/000000(2000100(110[11111111111
1690 (100101/0000000j0j1000010001011000000000000000
1691|1000000/22100001/0000000j1/000100/210/11111111111
1760 (000000/0j00000O0|0j00O0O0O0OOOOOIO010110111011100010
1761 (000000j1j000000j1/200000/0/0/0j1000{110000000000000
1762 (100101/0[000000j0j1000010001100000000000000000
1763 (000000j1{100001/0j100000/0/00)1000{110000000000000
1792 (000000j1{000000j1/200001/0/0/0j1000(101]11100000010
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47»623

1793
1794
1795
1808
1809

Assembled
ARC
Microprogram
(cont’)

\Principles of Computer Architecture |

Q I\E/’I ,\3 Chapter 6: Datapath and Control
U U URW
A X B X C XDR ALU COND  JUMPADDR

1000010100001/0000000j2/2/00101j110/2211111121212
1001010000000[0100001/0/0[0[1100/000[00000000000
000000}22100001/0j200001/0/0/0j1000(110/11100000001
000000/2/000000j1/200001/0/00]1000/10111100010010
1001010000000/0100101/0001111/110000001012000
1001010000000/0100101/0/001111/000[00000000000
1001010000000/0100101/0/001111/000[00000000000
1001010000000/0100101/0/00[1111/00000000000000
1001010000000/0100101/0/00[1111/00000000000000
1000010000000/1j000000|0[0[21/0101|110}22111111112121
1001010000000[0100001/0/0[0[1100/000[00000000000
000000}2/2100001/0j200001/0/0/0j1000(110/11100010001
000000/0j000000|0j0O0O00O00I000[01L01/11000000000010
1001010000000/0100001/0/0[0[1010/000[00000000000
1000010000000/0100001/0/00[1111/000[00000000000
1000010000000/0100001/0/00[1111/00000000000000
1001010000000/0100101/0/00[1111/00000000000000
1001010000000/0100101/0/00[1111/000[00000000000
1001010000000/0100101/0/00[1111/000[00000000000
1001010100100/0100101/0/001000/101/0000000121200
1001010100100/0100101/0[0[0j1000|101/000000011012
1001010100100/0100101/0/0/01000/010[0000000121200
000000j0j000000Q|0j0O0O0O0OO0OIO000101(1101111212111111
100000/0/100001/0/100000j0/0[0[1000|11000000000000
1001010100101/0100101/0/0[0[1000/101/00000010000
000000j0j000000|0j00O0000I000[0101/210000000001100
000000j0j000000Q|0j0O0O0O0OO0OIO000101(110111122111111
000000/0j000000Q|0j00O0O0O0OO0|0000101{10100000010011
000000/0j000000|0j00O00O0OO0I0000L01/00100000001100
000000|0j000000|0j00O0O0O0OO0I0000101(11011112112111111
000000j0j000000|0j00O00000000101/01100000001100
000000j0j000000Q|0j00O0O0O0OO0OIO000101(1101111212111111
100000/0000000(0[100000j0]0[0[1110[11000000000000

N
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Example: Add the subcc Instruction

e Consider adding instruction  subcc (subtract) to the ARC instruc-
tion set. subcc uses the Arithmetic format and op3 = 001100.

1584: Rtenp0] ~ SEXT13(Rir]); /| Extract rs2 operand
| F | Rf13] THEN GOTO 1586; / Is second source immediate?
1585: Rtenp0] ~ R[rs2]; |/ Extract sign extended immediate operand
1586: R tenp0] ~ NOR(R tenp0], R 0]); / Form one’s complement of subtrahend
1587: Rtenp0] « INC(Rtenp0]); GOTO 1603; /Form two’'s complement of subtrahend
A B C
M M M
U U URW
A X B X C XDR ALU COND JUMP ADDR
1584 (100101/0[000000/0[100001/0/0/0}1100/101(11000110010

1585 0000 00[0[000000|1[100001/0l0[0|1 000[000[00000000000
I I | I | I O | | ] | | | I I ) I N A |
1586 110000 1/0l000000Jo[10000 1l0jolojo 11 1[000l00000000000

1587 [100001/0l000000lo[to0001lojolol1101[110/11001000011
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Branch Table

« A branch table for trap handlers and interrupt service routines:

Address Contents Trap Handler
60 JUMP TO 2000 Illegal instruction
64 JUMP TO 3000 Overflow
68 JUMP TO 3600 Underflow
72 JUMP TO 5224 Zerodivide
76 JUMP TO 4180 Disk
80 JUMP TO 5364 Printer
84 JUMP TO 5908 TTY
88 JUMP TO 6048 Timer
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Microprogramming vs.
Nanoprogramming
k =0og,(n)]
= Uog,(100)
w = 41 hits = 7 bits
< > <>
 (a) Micropro- A A
gramming vs. " .
(b) nano- _ -§ . -§ Micro- 3
programming. 0 Original % | | program I
S | | Microprogram 3 _ o
‘R‘ <|\Il w = 41 hits ©
c - <> %
> 12
o
Y \/ 73
Total Area=nxw= Microprogram Area=n x k=2048 x 7
2048 x 41 = 83,968 hits = 14,336 bits
Nanoprogram Area=mx w = 100 x 41
= 4100 bits
Total Area= 14,336 + 4100 = 18,436 bhits
(a) (b)
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« HDL sequence
for a resettable
modulo 4
counter.

Preamble <

Statements <

Epilogue

\Principles of Computer Architecture by M. Murdocca and V. Heuring

Chapter 6: Datapath and Control

Hardware Description Language

— MODULE: MOD_4_COUNTER

| NPUTS: X.
QUTPUTS: Z[ 2] .

1:

2:

3:

 MEMORY:

 0: Z <« 0,0:;:

GOTO {0 CONDI TI ONED ON X,

1 CONDI TI ONED ON X} .

Z < 0,1
GOTO {0 CONDI TI ONED ON x,

2 CONDI TI ONED ON X}.

Z ~ 1,0;
GOTO {0 CONDI TI ONED ON x

3 CONDI TI ONED ON X} .

Z ~ 1,1;
GOTO 0.

END SEQUENCE.
END MOD 4 COUNTER

© 1999 M. Murdocca and V. Heuringjj
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Circuit Derived from HDL

 Logic design for a modulo 4 counter described in HDL.

DATA SECTION

CONTROL SECTION

CLK D

Ba Ba -
= P4t >—Pa[ P P
_ _ -
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f[ e MODULE: ARC CONTRCL_UNI T. \

I NPUTS:

QUTPUTS: C, N, V, Z. | These are set by the ALU

MEMORY: R[16][32], pc[32], ir[32], tempO[32], templ[32], tenp2[32],
tenp3[ 32] .

o

:ir « AND(pc, pc); Read « 1; I Instruction fetch
Or ! Decode op field
1:

GOTO {2 CONDI TI ONED ON ir[31] xi r[30], Branch/sethi format: op=00
4 CONDI TIONED ON ir[31] xi r[30], Call format: op=01
8 CONDI TIONED ON i r[31] xir[30], Arithmetic format: op=10
10 CONDI TI ONED ON i r[31] xir[30]}. Menmory format: op=11

! Decode op2 field

. . 2: GOTO 19 CONDI TI ONED ON ir[24]. | Goto 19 if Branch format
 HDL description of the 30 Rird] < ir[ime2]; ' seth
. GOTO 20.
ARC ContrOI unit. 4: R[15] <« AND(pc, pc). ! call: save pc in register 15
5. tenp0 « ADD(ir, ir). I Shift disp30 field left
6: tenp0 « ADD(ir, ir). I Shift again
7: pc « ADD(pc, tenp0O); GOTO O. I Junp to subroutine
I Get second source operand into tenpO for Arithmetic format
8: tenp0 « { SEXT13(ir) CONDI TI ONED ON ir[13] xNOR(ir[19:22]), I addcc
R[rs2] CONDI TIONED ON ir[13] xNOR(ir[19:22]), ! addcc
SIMML3(ir) CONDI TIONED ON ir[13] xOR(ir[19:22]), ! Remaining

R(rs2] CONDI TIONED ON ir[13] xOR(ir[19:22])}. ! Arithnetic instructions
! Decode op3 field for Arithnetic format
9: Rrd] « {

ADDCC(R[ rs1], tenpO) CONDI TI ONED ON XNOR(I R[ 19: 24], 010000), ! addcc
ANDCC(R[ rs1], tenpO) CONDI TI ONED ON XNOR(I R[ 19: 24], 010001), ! andcc
ORCC(R[rs1], tenp0) CONDI TI ONED ON XNOR(I R[ 19:24], 010010), I orcc
NORCC(R[rs1], tenpO) CONDI TI ONED ON XNOR(I R[ 19: 24], 010110), ! orncc
SRL(R[rs1], tenp0) CONDI TI ONED ON XNOR(I R[ 19: 24], 100110), I srl
ADD(R[ rs1], tenpO) CONDI TI ONED ON XNOR(I R[ 19: 24], 111000)}; I jpl
GOTO 20.
I Get second source operand into tenp0 for Menory format

10: tenp0 « {SEXT13(ir) CONDI TIONED ON ir[13],

R[rs2] CONDI TIONED ON ir[13]}.

11: temp0 « ADD(Rrsl1], tenpO).
! Decode op3 field for Menory format
GOTO {12 CONDI TIONED ON ir[21], I 1d

13 CONDI TIONED ON ir[21]}. I st

\Principles of Computer Architecture by M. Murdocca and V. Hed@hgRlrd] < AND(tenpO, tenp0O); Read « 1; GOTO 20.

13: ir < RSHFT5(ir). jj
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HDL for ARC

GOro 0.
20: pc « | NCPC(pc);
END SEQUENCE.

\Principles of Computer Architecture by M. Murdocca and V. Heuring

END ARC_CONTROL_UNI T.

14: ir « RSHI FT5(ir).
Cont’ 15: ir « RSHIFT5(ir).

16: ir « RSHI FT5(ir).

17: ir « RSHI FT5(ir).

18: r0 « AND(tenpO, R[rs2]); Wite

19: pc « { ! Branch instructions

ADD( pc, tenp0) CONDI TIONED ON ir[28] + ir[28]xir[27]xZ +

ir[28] xir[27] xi r[26] XC + ir[28] xi r[ 27] xi r[ 26] xi r[ 25] XN +
ir[28] xir[27] xi r[ 26] xi r[ 25] xV,

I NCPC(pc) CONDI TI ONED ON i r[ 28] xi r[27] xZ +

GOTO 0.

ir[28] xir[27] xir[26] xC + ir[28] xir[27] xir[26] xi r[ 25] xN +
ir[28] xir[27] xi r[26] xi r[ 25] xV};

Chapter 6: Datapath and Control \

<« 1; GOTO 20.
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HDL ARC
Circuit

* The hardwired con-
trol section of the
ARC: generation of
the control signals.

CLK
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HDL ARC Circuit (cont’)

~

Chapter 6: Datapath and Control

= 0— A[l]
4 IR[13] 03;355 0— A[3]
Q1Y CSg CS12 L 0— A[4]
grix IR[13] L —
o CS :l ) M A[0]
1 CS13
CS15 - Al2]
514 csg| CS18
CS1g — Write 2y
csg — 1 C7 ¢y
_° cs
s BMUX \%}7 A[5]
107 CS19 Csyg
IR[13] — CSig
5 = >
csg%— CMUX
CSpp
=) >~
cs
11 -
P
CSyo
B[1]

0
K]

B[2]

fo
)

B[3]

Q
=
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Case Study: The VHDL Hardware De-
scription Language

e The majority function. a) truth table, b) AND-OR implementation,
c) black box representation.

Minterlm| A B C F A B c
I ndex
olooo| ol [L[L[J A B C
1loo 1] o \(V Y | ||
2 01 0 0 iy ABC
3l o1 1 1 N 3 Majority
¢ O\ ABC Function
41100 0 b — @F
(-
51101 | 1 & B |
6 1 1 0 1 — asc -
7111 1 1 -
a) b) C)
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Chapter 6: Datapath and Control \

VHDL Specification

Interface specification for the majority component
-- Interface
entity MAJORITY is
port
(A_IN, B_IN, C_IN: in BIT
F OUT: out BIT);
end MAJORITY;

Behavioral model for the majority component

-- Body

architecture LOGIC_SPEC of MAJORITY is

begin

-- compute the output using a Boolean expression

F OUT <= (not A IN and B IN and C_IN) or

(A IN andnot B IN and C_IN) or
(A IN and B IN andnot C_IN) or

(A IN and B IN and C_IN) after 4ns;
end LOGIC SPEC,;
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VHDL Specification (cont’)

-- Package declaration, in library WORK

~

package LOGIC_GATESIis
component AND3
port (A, B, C:
end component ;
component OR4
port (A, B,C,D:
end component ;
component NOT1

port (A . in BIT; X:
end component ;
-- Interface
entity MAJORITY is

port

(A_IN, B_IN, C_IN:
F OUT: out BIT);
end MAJORITY;
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in BIT; X: out BIT);

in BIT: X: out BIT);

out BIT);

in BIT
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VHDL Specification (cont’)

-- Body

-- Uses components declared in package LOGIC_GATES
-- in the WORK library

-- import all the components in WORK.LOGIC _GATES
use WORK.LOGIC _GATESll

architecture LOGIC_SPEC of MAJORITY is

-- declare signals used internally in MAJORITY

signal A BAR, B_BAR, C BAR, I1, 12, 13, 14: BIT;
begin

-- connect the logic gates

NOT _1:NOT1 portmap (A_IN, A BAR),
NOT_2:NOT1 portmap (B _IN, B BAR);

NOT _3:NOT1 portmap (C_IN,C BAR);

AND 1:AND3 portmap (A BAR,B _IN, C_IN, I1);
AND 2 :AND3 portmap (A_IN, B BAR, C_IN, 12);
AND 3:AND3 portmap (A_IN, B _IN, C BAR, I3);
AND 4 :AND3 portmap (A_IN, B _IN, C_IN, 14);
OR_1:0R3 portmap (I1,12,13,14, F _OUT);

end LOGIC_SPEC;
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