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Operation Mnemonic Machine Function
OP Code Code
. Memory Reference Insiru ctions
| I. Load Accumulator LAC 000001 ACC =+ ¢(EA)
2. Load X Register LRX CO0010 RX = ¢(EA)
3. Load L Register LRL 000011 RL = ¢(EA)
4. Load 1/0 Register LIO 000 100 10 = ¢(EA)
3. Load Immediate Acc. LIAC 000101 ACC = E5
6. Load Immediate L Reg. LIRL 000110 RL = EA
7. Load Immediate Index Reg.1 LIX1 000111 IX1 = EA
8. Load Immediate Index Reg.2 LIX2 001000 « IX2 == E7
9. Store Accumulator STAC 01001 ¢(EA) = ACC
10. Store L Register STRL 001010 c(EA) = RL
I1. Store 1/0 Register STIO 01011 c(EA) = |0O
12. Store Index Reg.1 STIXI 001100 c(EA) = IX1
13. Store Index Reg.2 STIX?2 001101 c(EA) = X2
| Arithmetic Instructions |
I. Add Accumulator ADAC 001110 ACC = ACC + c(EA)
| 2. Subtract Accumulator SUAC 001111 ACC = ACC -c{EA)
3. Multiply and Accumulate MAC 010000 ACC+RX Xc(EA)+ACC ,
4. Multiply MPY 010001 ACC = RX Xc¢(EA) |
5. Shift Left Acc. SLAC 010010 ACC = ACC X2
6. Shift Right Acc. SRAC 010011 ACC < accx2’! .-
7. Shift Left X Reg. SLRX 010100 RX = RX X2 |
8. Shift Right X Reg. SRRX 010101 RX = RXXx2"!
_ Branch Instructions
! I. Jump Unconditionally JMP 010110 NIR = EA
2. Branch on Zero in L Reg. BZRL 010111 NIR = EA if RL=0
4. Branch on Zero in Acc. BZAC 011000 NIR =+ EA if ACC=0
5. Branch on Positive in Acc. BRPA 011001 NIR = EA if ACC=>0
Logical Instructions
I. AND Accumulator ANDA 011010 ACC = accNc(EA)
2. OR Accumulator ORAC 011014 ACC = accUcEa)
3. Exclusive Or Accumulator EXAC 011100 ACC = ACC @t{EA}
Miscellaneous Instructions
I. Increment L Register IRL 011101 RL = RL + EA
2. Increment Index Reg.1 1X1 01 IX1 = X1 + EA
3. Increment Index Reg.2 11X2 011111 IX2 == IX2 + EA
4. Compare Index Reg.2 CiX2 100000 CP=1ifl1Xx2 >c(EA)
3. Conditional Subtract I X2 CSX2 100001 IX2 = |Xx2. c(EA)
if CP=1
6. No Operation NOP 100010 Do nothing
7. Halt HLT 100011 Stop
!'
| Note: c(EA) denotes the contents of the daia memory at the effective address.

Table 4.8 The Instruction Set of DISP,
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Figure 4.17 The arithmetic unit.
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022
023
024

. NGHRECURSI‘H’E DIGITAL FILTER PROGRAM -
*THE NUMBER OF TAPS, N,

IS IN LOCATION 99 »

*THE FILTER CUEFFICIEHTS ARE IN LOCATIONS 200 - 2004+ N-1 »
*THE DATA POINTS ARE IN LOCATIONS 100 - 1004+N-1 »

*EACH NEw DATA POINT REPLACEs THE N-

LIX2 0 109
STIX2 0 (93
LAC o g3
ADAC 0 99
STAC o 098
LRL 0 099
LIX1 0 opo
LIAC o 000
LRX 1 200
MAC 2 000
IRL 0 -0
IMPL ¢ 017
X 0 001
X2 00]
CIX2 o 098
C5X2 0 q99
IMP 008
STAC o 097
STIO 2 000
LIO 0 097
LIAC ¢ -01
ADAC 0 (95
STAC o 095
BRPA ¢ 005
HLT

IX2 = 199

c(98) = 1pp

ACC = c(98)

ACC = Acc + ¢(99)
C(98) = Acc

RX = c(200+1X1)

ACC = HHI:{IK?_HACC
RL = RL .

Goto 017 jf RL=(

IX1 = 1x + 1

IX2 - %2 + 1

CP=] jf IX2>c(98)

IX2 - x7. €(99) if CP=1
Goto 008

€(97) = ACC
€(1X2) - |10

10 = c(97)

ACC = |

ACC = c(95) - |
€(?3) = AccC
Goto 005 jf ACC>0

| DATA POINT (FIFO) »

Initialize Pointers
Lo the top and botiom
of the input data list.

Initialize the loop
and index registers
and ACCumulator.

Compute an output
and advance pointers
modulo the number
?f taps.

Store output
sample, load

nNew input sample
and restary jf

limit is noyg reached.

Table 4.9 A Nonrecursiye Filter Program on DISP.

F

ADDRESS
95

97
98

100
101
102
103

200
201
202
203

Loop

DATA MEMORY CONTENTS

5 4 3 2
FJ f4 35
104 104 104 104
4 4 4 4
X X X X
xf x‘; xg .:g
] Xy Xg Xg
x[" -’.'4 I4 xd
a a
k> A
o =3 . *2
a3 ay ay a3
0 1 2 3




Table 4.9 contains the listing of the DISP program that will perform the
nonrecursive filtering as outlined above. The reader is strongly urged to go

through the program carefully, executing each command manually to understand
fully its operation. While doing this he will realize the importance of the index
registers and appreciate the flexibility they provide in manipulating the addresses.
so as to make the memory look like a shift register. Table 4.10 shows the
changes in memory contents for this example, in the simple case of N—4, as the
computation progresses. As we see X_ are maintained in a circular list. To
compute the correct address, instructions CIX2 and CSX2 effectively allow us to
increment the index register modulo an arbitrary number. This is again an
example of the matching required between the architecture and the algorithms.

We see from Table 4.9 that a total of 25 instructions are required for this
program. To evaluate the execution time of the program we consider a concrete
example, where L=1000, and N=20. Therefore instructions 000 to 004 and 024.
are executed once, instructions 005 to 007 and 017 to 023 are executed a 1000
times, and instructions 008 to 016 are executed 20x 1000 times each, and hence
a total of 190,006 instructions are executed, or an average of about 190 per
output. The actual execution time depends on the time required to execute one
instruction (if all instructions take the same time).

A total of 190 instructions per output sample seems a large number, consid-
ering that all we do is multiply 20 numbers and add them up. A closer examina-
tion of the program shows that indeed we only do an average of 40 instructions
to do the actual arithmetic, and the other 150 instructions are required to take
care of the indexing for looping and memory addressing.

At this point we notice that we could significantly improve the running time
of this program if we had some additional instructions in the DISP repertoire. As
an example, suppose we add the instruction LRXL whose effect is to load the |
RX register from memory and decrement the L register by —1. This can
obviously be done at the samhne, since while we loa from memoryv_the

- ALU or the AU can decrement the L register. In this case we could replace
instruction 008 by LRXL 1200 and eliminate instruction 010 IRL O —1. This
will reduce the average number of instructions per output to 170, that is, a more
than 109% reduction. We note however that this instruction (LRXL) is some-
what restrictive, in that it does not allow us to specify the size of the increment
(it is taken as —1), which makes this program less flexible.
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