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CHAPTER IV
THE DATA PATH

The previous CPU example (See Chapter Ill) utilized SSI and MSI
components to accomplish the shift-linkage, carry control, and
status register functions associated with the ALU. These func-
tions can all be implemented with the Am2904 status and shift
control unit.

The Am2904 is an LS| device that contains all the logic necessary
to perform the shift and status control operations associated with
the ALU portion of a microcomputer. These operations include
storage for ALU status flags; carry-in generation and selection;
data-path, carry bit linkage for shift/rotate instructions; and status
condition code generation and selection. The ALU status flags:
carry, zero, negative, and overflow; may be stored in either of two
registers, a machine status register or a micro status register. The
carry-in multiplexer can select the true or complement of the
microstatus carry flag or machine status carry flag, as well as an
external carry, a logical one, or a logical zero. The shift linkage
multiplexers provide paths to rotate/shift single and double length
words up, down, around the carry flag, and through the carry flag.
The status condition code multiplexer provides tests on the true or
complement of any status flag, as well as more complicated
logical combinations of these flags to facilitate magnitude com-
parisons on unsigned and two's complement numbers, and nor-
malization operations.

STATUS REGISTERS

The status registers contained in the Am2904 are shown in the
upper portion of Figure 1. Each register is independently con-
trolled by a combination of instruction signals and enable signals.

MICRO STATUS REGISTER (uSR)

The uSRis enabled when the CEp signalis low. When CEpis low
the instruction present on |5 through Iy will be executed on the
LOW to HIGH transition of the Clock input. These instructions fall
into three main categories: Bit Operations, Register Operations
and Load Operations.

The bit operations allow individual bits of the uSR to be set or
reset. (See Table 1.1).

The register operations allow the SR to be loaded from the
machine status register, to be setto all one's, resetto all zero's, or
swapped with the machine status register. (See Table 1.2).

The load operations allow the wSR to be loaded from the | inputs
directly, from the | inputs with I complemented, or from the |
inputs with overflow retained, loygr + rovr — rovr (See Table
1.3). The load operation with I complemented can be used to
emulate machines which use direct subtraction and thus need to
complement the carry to obtain a borrow. The load with overflow
retained allows a series of arithmetic instructions to be executed
without the need for a check for overflow after each instruction. If
an overflow occurred at any time during the series it will be
“trapped.” Thus a single test for overflow, at the end of the series,
is all that is required.

MACHINE STATUS REGISTER (MSR)

The MSR is enabled when CEy is low. If CEy is low the in-
struction present on |5 through ly will be executed on the LOW
to HIGH transition of the Clock input. Additionally the individual
bits of the MSR may be selectively enabled through the use of
the Enable inputs Ez, E¢, Ey and Eqyp (See Figure 1). This
allows all possible combinations of the four status flags to be
selectively operated on for maximum flexibility. Thus the in-
struction specified by Is-1 only effect the enabled status flags.
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Figure 1. Am2904 Block Diagram.

The MSR instructions fall into two main categories: register op-
erations and load operations (bit operations can be implemented
through the use of the selective enable control lines).

The register operations allow the MSR to be loaded from the
bi-directional Y port, or the pSR. Additionally the MSR may be
set, reset, or complemented (See Table 2.1). These three in-
structions, combined with the selective enables, allow any com-
bination of MSR bits to be set, reset, or complemented.

The load operations allow the MSR to be loaded directly from the |
inputs, from the | inputs with | complemented, or from the | inputs
for shift through overflow (See Table 2.2). The load with I com-
plemented can be used to produce a borrow. The load for shift
through overflow loads the zero flag and the negative flag from
the | inputs while swapping the overflow and carry flags. This
allows the shift through overflow operation to be easily im-
plemented.

SHIFT LINKAGE MULTIPLEXERS

The shift linkage multiplexers control bi-directional shift lines
SIOn, SI0qy (RAM shifter on the Am2903) and QIOn, QIO, (Q
register shifter on the Am2903). To enable the shift linkage mul-
tiplexers the shift enable line SE must be low. When SE is low the



TABLE 1. MICRO STATUS REGISTER
INSTRUCTION CODES.

Table 1-1. Bit Operations.

complement numbers and unsigned numbers. Table 5 lists the
conditionaltest outputs (CT) corresponding to the state of the I5-1g
instruction lines. Table 6 lists the possible relations between two
unsigned or two’'s complement numbers and the corresponding
status and instruction codes. The three-state conditional test

ls43210 uSR i output CT is active only if OE¢r is low.
Octal Operation
CARRY IN MULTIPLEXER
10 0 = uz RESET ZERO BIT :
11 1 ik SET ZERO BIT The Carry output can be selected from one of seven different
14 0s 2 RESET CARRY BIT sources depending on the state of instruction input lines. The
o 1 #e e seven possible sources are: logical zero, logical one, the ©SR
ke carry flag, the complement of the SR carry flag, the MSR carry
e 0 = mn RESET SIGN BIT flag, the complement of the MSR carry flag, or the external carry
15 1 = e SET SIGN BIT input Cy, (See Table 4).
16 0 = ugyr RESET OVERFLOW BIT
17 1 = movm SET OVERFLOW BIT
TABLE 2. MACHINE STATUS REGISTER
Table 1-2. Register Operations. INSTRHCEON CODES,
Isa3210 uSR
s Opersilon Comments Table 2-1. Register Operations.
Is43210 MSR
00 My = py LOAD MSR TO uSR E Comments
01 1= uy SET SR Octal Operation
02 My — px REGISTER SWAP = VAR LOAD Yz. Yc, Yn. Yovr
03 0 = puy RESET uSR * * TO MSR
01 1= My SET MSR
Table 1-3. Load Operations. 02 ux = My REQISTER SWAP
- 03 0 = My RESET MSR
ls43210 uSR c ==
: omments 05 My — My INVERT MSR
Octal Operation
06, 07 Iz =* pz
lg = ne LOAD WITH
IN = BN OVERFLOW RETAIN
U s Table 2-2. Load Operations.
30, 31 lz = pz |543210 MSR
Comments
50, 51 lc = we LOAD WITH Octal Operation
70, 71 Iy = uy CARRY INVERT
love > Hovr Bt ‘hﬁ > Mz 2 LOAD FOR SHIFT
04,05 | Iz = p OVR c THROUGH OVERFLOW
z . =+ My OPERATION
20-27 lc = uc LOAD DIRECTLY Mc - Movr
32-47 Iy = uN FROM
52-67 lovR = KoOVR Iz lc: In: love 10,11 lzre=-Mg
7977 30, 31 Ic = Mc LOAD WITH
Note: The above tables assume CE is LOW. 905551 I My CARGYANVERT
70,7 love = Movr
08, 07 Iz = Mz
shift linkage data path will be set-up depending on the state of 12-17 lc = Mg LOAD DIRECTLY
instruction lines |y through lg (See Table 3). These instructions 20-27 Iy = My FROM Iz, I
allow single length or double length shifts/rotates either up, or 32-37 lovR = Movr In: lovr
down. Additionally shifts/rotates may be done through or around 40-47
the MSR carry and negative flag. Special operations exist to 52-67
provide support for add and shift (multiply) instructions. These 72-77

instructions select the present carry I (for unsigned multiply),
or the Exclusive-OR of the sign flag |, with the overflow flag
lgyg (for two's complement multiplication).

CONDITION CODE MULTIPLEXER

The condition code multiplier selects one of sixteen possible
logical combinations of the uSR, MSR or | inputs, depending on
the state of the I5-ly input lines. These combinations include the
true or complement form of any individual bitin the SR, MSR or |
inputs. Additionally several more complicated logical operations
may be performed to provide magnitude tests on both two's

Y INPUT/OUTPUT LINES

The bi-directional Y data lines may be used for extra data input
lines when the Y output buffer is disabled (OEy high).
Additionally, when Is-I5 are low, the Y buffer is disabled, irre-
spective of the OEy signal. When the Y buffer is enabled (OEy
is low) the Y data lines are selected from the MSR, pSR, or |
input lines depending on the state of instruction lines |5 and 4
(See Table 7).
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TABLE 3. SHIFT LINKAGE MULTIPLEXER INSTRUCTION CODES.

€

€

o lg lg 1 lg| Mg RAM Q sio, | slo, |Qio, | Qio, ::33"52
MSB LSB MSB LSB
0 0 0 0 O o —=F[=F z 0 z 0
0o 0 0 0 1 O = = z 1 z 1
o 0 o 1 0 ak w1} z 0 z My SIo,
o o o 1 1 mE z 1 z Slo,
o o 1 0 0 z Mc z SI0,
o 0o 1 o0 1 e — z My z SI0,
o o 1 1 0 O —[=1—1=F z 0 z SI0,
o 0o 1 1 1| OeT=—1T=F | 2 0 z SI0, QIo,
o 1 0 0 o z SI0, z Qlo, S0,
o 1 0 o 1| O———=1| 2 Mc z | ao, sI0,
o 1 0 1 0 ] zZ S0, z QIo,
o 1 0 1 1 e z I z SI0,
o 1 1 0 o z Me z | sio, QI0,
o 1 1 0 1 . $Iw z QIo, z S0, Qlo,
01 1 10 []N o [—] Z |INn®logwp| Z 510,
01 111 O z Qlo, z slo,
MSB LSB MSB LSB
1 0 0 0 0 =1+ -[=1-=| O z 0 z SO,
t 0 0 0 A (=1 {=1] 1 z 1 z slo,
1t 0 0 1 0| [] -{=Fs-{—1-| 0 z 0 z
10 0 1 1 0 =3 {=1+ | 1 z 1 z
Tt 0 1 0 0 O — — ]~ | QlO, d 0 z SIO,
10 1 0 1 —1=1 — | Q0, z 1 z 510,
10 1 1 0 ]l {=F—4=1-|ao, z 0 z
1 o 1 1 1 | — | alo, z 1 z
1 1 0 0 0 [I—JE] SIo, z Qlo, z SO,
i1 0 0 1 [] L= M z QIO, z slo,
i1 0 1 0 O E Slo, z QIo, z
11 0 1 1 L =12 | M z 0 z
11 1 0 o0 —EJ Q!0, z Mc z slo,
1 1t 1 0 1 O Qio, z slo, z sio,
1 1 1 10 ﬁ *FI Qlo,, Z Mc z
111 1A O @ Qlo, z SIo, z

Notes: 1. Z = High impedance (outputs off) state.

2. Outputs enabled and Mg loaded only if SE is LOW.

3. Loading of Mg from I4¢.g overrides control from s g, CE, Ec-

C




TABLE 4. CARRY-IN CONTROL MULTIPLEXER INSTRUCTION CODES.

bz k4 Is I3 2 Iy Co
0 X X X X 0
1 X X X X 1
1 0 X X X X Cx
B 1 0 0 X X pe
1 1 0 X 1 X me
1 1 0 X X 1 A
1 1 0 1 0 0 | fe
1 1 1 0 X X Mc |
1 1 1 X 1 X Mc
1 1 1 X X 1 Mc
1 1 1 1 0 0 Mc

TABLE 5. CONDITION CODE OUTPUT (CT) INSTRUCTION CODES.

o P lg=1lg=0 ls=0,14=1 ls=1,1s=0 lg=14=1
0 0 0 0 0| (unNDuove)* uz (un @ povr) + 1z (MN® Movr) + Mz | (IN® loyr) + Iz
1 0 0 0 1| (un®rovr) Bz (Ln@rove) * Bz (MN® Moyg) * Mz (IN® lgyrl * Tz
2 0 0 1 0| un@rovr uN @ povR My @ Moy IN® lovn
3 o0 1 1] u®uovr enErova Mn® Movr | WOlove
4 0 1 0 0| uz nz My [ 1z
5 0 1 0 1| m iz Mz | Tz ;
6 0 1 1 0| povr HOVR Moyg ‘ lov |
7 o 1 1 1| Fovr Fovr Movr | Tova |
8 1 0 0 0 e+ opg Rt ouz MC+MZ Tc" Iz !
9 10 0 1| figeiEz fAc* Az Mg » Mz Ic+ 1z |
A 1 0 1 0 me me Mg e
B 10 11| Ee frre Mc e
C 1 1 0 0 Hc + pz e+ uzg mc + Mgz I |_c Iz
D [ 1 1 0 1| ucmm pe* iz Mc - Mz | le*lz :
E T 10| IN® My N My In :
F T 1| @My N My ‘ T I

Notes: 1. @ Represents EXCLUSIVE-OR

(¥ Represents EXCLUSIVE-NOR or coincidence.

TABLE 6. CRITERIA FOR COMPARING TWO NUMBERS FOLLOWING “A MINUS B OPERATIONS.

For Unsigned Numbers For 2's Complement Numbers

3.0 o |

Relation Status CT=H |CT=L Status CT=H | CT=L |

A=B Z=1 4 5 Z=1 4 |
 a-8B z-0 5 4 z-0 5
A=B | C-=-1 A B | NOOWR-=-1 3
A<B Cc B A N @® OVR = 1 2
A=B C.] D Cc {N@OVR}—?=1 1

A=B C c D N@OW) +Z=1 | 0 1

@ = Exclusive OR
(=) = Exclusive NOR

H = HIGH
= LOW

CT = L for the desired test.

MNote: For Am2910, the CC input is active LOW, so use |5 code to produce
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TABLE 7. Y OUTPUT INSTRUCTION CODES.

TABLE 8-1. STANDARD DEVICE SCHOTTKY SPEEDS.

OE, I I Y Output Comment Device and Path Min. Typ. Max.
; X X z Output Off S-REGISTER
{ J High Impedance Clock to Output 9 15
(o] o] X wi = Y; See Note 1 OE to Qutput 12 20
o ] M = Y Set-up 5
Am2802A
o ! ! Y CntoCn+x, Y, Z 7 11
- G, PtoG, P 7 10
Notes: 1. For the conditions: ! !
ls, las I3, 12, 11, lo are LOW, Y is an input. G PtoCntx Y, 2 5 7
OEy is “Don't Care” for this condition.
2. X is "Don't Care" condition.
TABLE 8-2.

TIMING ANALYSIS

In the previous chapter a timing analysis was presented with the
shift-linkage, carry-control, and status registers implemented in
SS1 and MSI. This timing analysis will be repeated with the SSI
and MS| logic replaced with the Am2904. Tables 8.1, 8.2, 8.4 and
8.5 list the typical AC characteristics of the registers, Am2902A,
Am2901A, Am2903, and Am2904 used in these calculations.
Table 8.3 lists the assumed AC characteristics for the set-up time
of the Am2904.

Figure 2 illustrates the timing analysis for an Am2901A based

design. The analysis begins with the LOW to HIGH transition of

the system clock. All signals must be valid for the next LOW to
(' HIGH transition of the system clock, i.e. one-microcycle later.

Figure 3 illustrates a similar timing analysis for the Am2903. The
results of both analysis are listed in Table 9.

USING THE Am2904 IN A 16-BIT DESIGN

Perhaps the best technique for understanding the Am2304 is to
simply compare 16-bit ALU designs with and without the
AmM2904. The first design, Figure 4a, is an example of a 16-bit
CPU design using SSI/MSI parts instead of the Am2904. In
Figure 4b, the second 16-bit CPU design, the Am2904 is shown
replacing the SSI/MSI. The Am2904 substitutes for the appro-
priate shift matrix control and status registers. A more detailed
comparison may be obtained by referring to the 16-bit ALU de-
signs in Chapter Ill and the one in Appendix C of this chapter. To
understand the Am2904 further, the usage of the Am2904 is
described through the microprogram bits in the microprogram
structure and shown later in the actual microprograms.

PRELIMINARY SWITCHING CHARACTERISTICS.

Combinational Delays (ns)

From (Input) To (Output) thg
Iz Yz
:g :ﬁ 20
lovr Yova
cP Y2 Yo Ya Yoyr | 30
o ls Y2, Yo Ya Yovr | 23
iz lc I lovs | CT 30
ce |t a0 |
B cT 30
oy Go 12
cp Co 20
| h,2,3,5,11,12 Co 24
SI0,,, QIO,, SI0, 16
SI0,, QIO SIO,, 16
e I lova sio, 20
sio,, Qlo,, “aio, 16
SI0,, QIO, Qlo, 16
op aic, Ao, 2
o mEm e

TABLE 8-3. ASSUMED SET-UP TIME.*

Input

TS

IOVR, 1Z, IN, IC

20ns

*The actual set-up times where not available at the time this was written.
See current data sheets for correct timing on these signals.




TABLE 8-4.

Am2901A — (MAY 18, 1978)

ROOM TEMPERATURE
SWITCHING CHARACTERISTICS

TABLE |

CYCLE TIME AND CLOCK CHARACTERISTICS

O

Tables |, Il, and Il below define the timing characteristics of TIME TYPICAL |GUARANTEED
the Am2901A at 25°C. The tables are divided into three types Read-Modify-Wri
of parameters; clock characteristics, combinational delays e fiom s;:z&;‘f'zf
from inputs to outputs, and set-up and hold time require- A, B registers to end of 55ns 93ns
ments. The latter table defines the time prior to the end of the cycle)
cycle (i.e., clock LOW-to-HIGH transition) that each input must Mari -
2 : : aximum Clock Frequency to
be staple to guara_ntee that the correct data is written into one Shift Q Register (50% duty 40MHz 20MHz
of the internal registers. cycle)
All values are at 25°C and 5.0V. Measurements are made at Minimum Clock LOW Time 30ns 30ns
1.5V with V. = 0V and V| = 3.0V. for three-state disable Minimum Clock HIGH Time 30ns 30ns
tests, C = 5.0pF and measurement is to 0.5V change on M k Peri 75
output voltage level. All outputs fully loaded. inimum Clock Period ns 93ns
TABLE 1l
COMBINATIONAL PROPAGATION DELAYS (all in ns, C|_ = 50pF (except output disable tests))
TYPICAL 25°C, 5.0V GUARANTEED 25°C, 5.0V
T Shift Shift
Oztput F=0 Outputs __|F=0 Outputs
Y | F3 |C G,P | RL=|OVR Y | F3 |C G, P |RL=|OVR
o i 270 RAMg| Qg i 270 | o
Input RAM3| Q3 RAM3| Q3
A, B 45 | 45 45 | 40 | 65 50 | 60 - 75 | 75 70 59 85 | 76 | 90 -
D (arithmetic mode)| 30 | 30 30 | 25 | 45 30 | 40 = 39 37 | 41 31 55 | 45 | 59 -
D{1=%37) (Note 5} 30 | 30 - = 45 - 40 - 36 | 34 - 51 - 53 -
Cn 20 | 20 | 10| - |3 | 20 |30 | - 27 | 24| 20| — | 46 | 26 | 45 | —
1012 35 35 35 | 25 | 50 | 40 | 45 - 50 | 50 | 46 41 65 57 | 70 -
1345 35 35 35 | 25 | 45 | 35 | 45 - 50 | 50 50 | 42 | 65 | 59 | 70 -
678 15 - = = - - 20 20 26 - - — - 26 | 26
OE Enable/Disable |20/20 — | — | — | = | = | = | — |30/33] — | - - S -
A bypassing o _ - . _ . . 35 _ £ _ _ _
ALU (1 = 2xx) 30
Ciock__f (Note 6)| 40 40 40 | 30 | 55 | 40 55 | 20 52 | b2 52 41 70 57 | 71 30
TABLE 111
SET-UP AND HOLD TIMES (all in ns) (Mote 1)
TYPICAL 25°C, 5.0V GUARANTEED 25°C, 5.0V
From Input Notes
Set-Up Time Hold Time Set-Up Time Hold Time
A B 2,4 40 0 a3 0
Source 3,5 tpwl +15 tpwl + 25
B Dest. 2,4 tpwl + 15 0 tpwlk + 15 0
D (arithmetic mode) 25 0 70 0
D(l=X37) (Note 5) 25 0 60 0
Ch 40 0 55 0
lo12 30 0 64 0
la45 30 0 70 0
'6?8 4 tpwl *+ 15 o] tpwl + 25 0
RAMg, 3. Qp, 3 15 0 20 ]
MNotes: 1. See next page.
2. If the B address is used as a source operand, allow for the A, B source’” set-up time; if it is used only for the destination address, use th
“B dest.” set-up time.
3. Where two numbers are shown, both must be maet.
4. "tgnL” is the clock LOW time.
5. DV 0 is the fastest way to load the RAM from the D inputs. This function is obtained with | = 337,
6. Using Q register as source operand in arithmetic mode. Clock is not normally in critical speed path when Q is not a source.

8
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TABLE 8-5.

A. Am2903 SWITCHING CHARACTERISTICS (TYPICAL ROOM TEMPERATURE PERFORMANCE) — (MAY 18, 1978)

Tables |A, IIA, and IlIA define the nominal timing characteris-
tics of the Am2303 at 25°C and 5.0V. The Tables divide the
parameters into three types: pulse characteristics for the

TABLE IA — Write Pulse and Clock Characteristics

clock and write enable, combinational delays from input to Time
output, and set-up and hold times relative to the clock and Minimum Time CP and WE both LOW 15ns
write pulse. | to write
Measurements are made at 1.5V with V,, = OV and V|y = Minimum Clock LOW Time 15ns
3.0V. For three-state disable tests, C_ = 5.0pF and mea- — :
surement is to 0.5V change on output voltage level. Minimum Clock HIGH Time 35ns
TABLE llA — Combinational Propagation Delays (All in ns)
Outputs Fully Loaded. CL = 50pF (except output disable tests)
“—___To Output L [ [ S0y |
From Input Y [ Chis | GP [(SYZ]| N | OVR DB | WRITE | QIO QIO; | SI0, | SIO; |(Parity)
A, B Addresses - B B |
(Arith. Mode) 65 60 56 64 70 33 65 69 87
A, B Addresses !
. — 4 — = - - 55 |
{Logic Mode) 56 6 | 96 33 64 81
DA, DB Inputs 39 38 30 - 40 56 - - - 39 47 60
EA ’ | 33 2 - % & - - - 36 a1 58
Cn R - 0 | 38 - - - 21 25 48
lo [ 40 a2 - | ¥ 42 - 15(1) - 41 39 63
lss21 [ a5 | 45 32 - 4] s - 17(1) - s | s 68
la7es | 5 | - - - | - = - 21 2229(2)  |24117(2)| 2717(2) | 24117(2)
EN - - - -1 -1 -1 w — |- [ - [ -
OEB Enable/Disable | - - N = s - | - - N
OEY Enable/Disable [14142)) ~ | - | — | | _ - - - - - -
SI0,, 510, i | - | - [ A B . N - - ” »
Clock | 58 57 w0 | 56 72 24 - 28 56 63 76
Y - e | -] - - - - - . ~ ]
MSS 2 2 5| 5 | - | - - u | 7 | w |

Motes: 1. Applies only when leaving special functions.

2. Enable/Disable. Enable is defined as output active and correct. Disable is a three-state output turning off.
3. For delay from any input to Z, use input to Y plus Y to Z.

TABLE llIA — Set-Up and Hold Times (All in ns)

CAUTION: READ NOTES TO TABLE lll. NA = Note Applicable; no timing constraint.

HIGH-to-LOW LOW-to-HIGH
With Respect to | W .._/—
_ Input 1o this Signal Setup | Hold | Set-up | Hold Comment
Y Clock NA NA 9 -3 To store Y in RAM or Q
WE HIGH Clock 5 Note 2 | Note 2 To Prevent Writing
WE LOW Clock NA NA 15 To Write into RAM
A.B as Sources Clock 19 -3 NA NA | See Note 3
) —_— To Write Data only into
B as a Destination Clock and WE both LOW -4 Note 4 Note 4 -3 the Correct B Address
QI0,, QIO; Clock NA NA 10 —4 To Shift Q
la7es Clock 2 Mote 5 MNote 5 -18
IEN HIGH Clock 10 Note 2 | Note 2 0 To Prevent Writing into Q
1EN LOW Clock NA NA 10 -5 To Write into Q
7
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Figure 4b.
TABLE 9. TIMING ANALYSIS SUMMARY (ns). Bits PL14 The CEx and SE control inputs of the Am2904,
and PL15 respectively. CEn enables the Micro Status
Operation Am2901A Am2903 Register. SE enables the Am2904 shift opera-
Logic %4 101 tions.
Arithmetic 109 131 Bits PL16 CCU Next Address.
- - through PL19
Logic w/Shift 100 138
: Bits PL20 CCU Multiplex test select.
Two's Complement through PL23
Arithmetic with 13 161
Shift Down Bit PL24 This bit determines the polarity of the incoming
- test signal to the CCU.
Magnitude only ; ) . ]
Arithmetic with 109 142 Bit PL25 Active LOW Instruction Register enable.
Shift Down Bits PL26 CCU multi-way branching select.
through PL29
Bits PL30 Selects the ALU operand sources.

THE MICROPROGRAM STRUCTURE

The functions of the pipelined (PL) microprogram bits are il-
lustrated in Figure 5 and as follows:

Bits PLO
through PL11

This is a shared control field. The field is used
for branching to a microprogram address or to

load the CCU counter or control bits for I/O.

Bit PL12

The shared control field is determined by

PL12, LOW for branching and counting or
HIGH for I/O control.

Bit PL13

When LOW, enables the WRITE output and

allows the Q Register and Sign Compare flip-
flop to be written into.

through PL32

PL30|PL31| PL32 | ALU Operand R ALU Operand S
L L L RAM Output A RAM Qutput B
L L H RAM Output A DByp.3
L H X RAM Output A Q Register
H L L DAp.5 RAM Output B
H L H DAg.3 DBp.3
H H X DAQ_:; Q Register
L = LOW = HIGH X = Don't Care

€



Bits PL33 Selects the ALU functions. Bits PL41 This 4-bit wide field is used for the A-address
through PL36 through PL44  source.
I |13 |2 | Iy | Hex Code ALU Functions Bits PL45 This 4-bit wide field is used for the B-address
i ool 5 lp=1L Special Functions through PL48  source.
lo=H | Fi=HGH Bits PL49  This 4-bit wide field is the B destination ad-
LiL]L]H 1 F = S Minus R Minus 1 Plus Cpy through PL52 dress into which new data is written.
LI L|H|L 2 F = R Minus S Minus 1 Plus Cp, _
LILIH]H E] F = R Plus S Plus C, Bit PL53 Am2903 oo_ntrol input OEy. When LOW enables
CTHILTL p F-SPusC, the ALU shifter output data onto the Y bus.
B L § & F=SPlsCy Bits PL64  Am2904 instruction code field.
L H|H|L 6 F = R Plus Cy, through PL59
L|H|HIH ! F.=F Bl On Bits PLBO Am23904 shift link Itipi instructi
— is m s Inkage multipiexer instruction
ALY LN ) Fi.z LOW — through PL63  code field.
HIL|L|H 9 F; = R AND S;
HiL|H|L A F; = R; EXCLUSIVE NOR §; Bits PLG64 Am2904 “carry-in" control multiplexer field.
H|L|H|H B F; = R; EXCLUSIVE OR §; and PL65
Al i L © FRAND S Bits PL66  The CEj, OEcr, OEy control inputs of th
P - its e CEy, OEgyr, OEy control inputs of the
HiH]LIH o Fi = Ri NOR S; through PL68 Am2904, respectively.
HIH|[H|L E F; = R; NAND S;
HiH]HIH F Fi =R OR 5 Bit PL69 This bit when LOW, enables bits PL74 through
L= LOW H = HIGH i=0to3 PL89 onto the Am2903 DA Bus.
Bits PL37  Selects the ALL} destination controls. Bit PL70 When LOW, zeros the carry in's to the Am2903
through 40 slices.
= » ; Bit PL71 When HIGH, enables a status register used in
lg Iy 1 Ig| Code| Funcion | BCD calculations.
P ity Lobob LD Unsigned Multply | Bit PL72 When LOW, clears the status register.
. Lol .l“i B Two's Compiamant 1
: | | Mooy | Bit PL73 When LOW, enables Am2909/11 registers.
L H L L | 4 'O“;f""“";‘:‘:‘
L T '?gguagmm- Bits PL74 This field contains a 16-bit constant from mi-
B Rk bk il through PL89 crocode that is passed to the Am2903's via
Mtl, Lot Gyle | the DA bus. Constant is enabled by PL69.
Single Length
Normalize |
Doutle Langth I
Normahze and H
First Diwide Op.
Two's Complament ';
Divide
o Compoment |
Divige, Comection I
and Ramainder |
lg OR Iy OR I3 OR I4 = HIGH, Igy = LOW
T T T 1
| | | !
| | 80 | Y3 Y2 QReg & |
| Hex ALU Shifter Most Sig. | Other | Most Sig. | Other | Most Sig.  Other | | — Shitter |
g 17 I5 Ig | Code Function Slice | Slices | Slice ' Slices | Slice | Slices | Yy | Yg Slog | Write Function ;{Jll'.!3 DIOD
LoL L L i o Asith, Fi2 Y Input Input i Fy S0y | S0y : Fq ' Fp |Fy Fg L [ roid R Hi-Z
Tr e W] T Unpwt | S0, | S0y | Fy L Fy  Fp IF | L THod -z | Wz |
S Tnpat | Fy | om0, | si05 | Fy | Fe |E Fo Log. @2=Q | Inpwt | Qg
LL oM oW 3 Inp T om0y 0 | F3 l Fy | Fz |F o U Log. @2—0Q | Inpul | Qg
T T R LA M = = phank Be.
T H | s Imput | Fy Fa T Fr R Fp Panty H log @2—Q | Input | Qg
L ] s Input | Fs [ Fa | Fy |Fp | Pariy H ] iz | Az
. —L o L s Inp 2 gt F - i Bt
. o R s . — AL
A TH |9 | leg ey Fsy Fa F | - Hold Hez | HE
N U T AT ] it 2Ry ' [ £ I "L [ log 200 | Q3 | Inpw
P H H H B Log. 2F—1 3 f [ T L Log 20—~0 | O3 | Input
HH L L € | F= F | TR | Fa . H | Hol Hi-Z | WiZ
H LM o [ For [ Iy TR R R s Fi |Fa iz H | Leg 20-0 Q3 Input
KR U E | si0g=vg vy Y2 Yy si0, | S0y | SIop | SO, | Sk j Sicy | SI0p|S10p | mput | Fioid [ Hz | hiz
W WM M M| F | Foy o | £ R T e | F [F Fo mz | L | ool 1 hiz HiZ_ |

The Am2903 special functions can be selected by the following conditions: Ig = Iy = lp = I3 = |4 = LOW, Igy = LOW
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SOME SAMPLE MICROROUTINES

The following algorithms are implemented using the Am2903
Superslices™ and Am2904 status and shift control unit. The
algorithms were developed with the aid of AMDASM on System
29. All algorithms assume values and constants to be initialized
prior to the entrance of the algorithms. Appendix A relates the
actual microcode to the microword fields. Appendix B is the
AMDASM Phase 1 and Phase 2 listings of the microprograms
and the definitions of mnemonics. Figure 4b is a block diagram
of the CPU hardware including the Am2904 Status and Shift
Control Unit from which the microroutines were developed. A
detailed diagram of the CPU hardware is in Appendix C.

Normalization, Single- and Double-Length

Normalization is used as a means of referencing a number to a
fixed radix point. Normalization strips out all leading sign bits such
that the two bits immediately adjacent to the radix point are of
opposite polarity.

Normalization is commonly used in such operations as fixed-to-
floating point conversion and division. The Am2903 provides for
normalization by using the Single-Length and Double-Length
Normalize commands. Figure 6a represents the Q Register of a
16-bit processor which contains a positive number. When the
Single-Length Normalize command is applied, each positive
edge of the clock will cause the bits to shift toward the most
significant bit (bit 15) of the Q Register. Zeros are shifted in via the
QIO0 port. When the bits on either side of the radix point (bits 14
and 15) are of opposite value, the number is considered to be
normalized as shown in Figure 6b. The event of normalization is
externally indicated by a HIGH level on the Cn+4 pin of the most
significant slice (Cn+4 MSS = Q3 MSS % Q2 MSS).

There are also provisions made for a normalization indication via
the OVR pin one microcycle before the same indication is avail-
able on the Cn+4 pin (OVR = Q2 MSS*% Q1 MSS). Thisis for use
in applications that require a stage of register buffering of the
normalization indication.

Since a number comprised of all zeros is not considered for
normalization, the Am2903 indicates when wuch a condition
arises. If the Q Register is zero and the Single-Length Normaliza-
tion command is given, a HIGH level will be present on the Z line.

RADIX
15914 13 121 w0 & &7 & 5 4|3 2 1 0

Ll lelelefelele L

L
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1

o

O REGISTER |U L] I ]

a) Unnormalized Positive Number.

RADIX

15914 12 32|11 1w 9 8|7 6 5 4|3 2 1 0

HERE

MSS LSS

0 REGISTER l o

b) Normalized Positive Number.

MPR-040

Figure 5.
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The sign output, N, indicates the sign of the number stored in the
Q register, Q3 MSS. An unnormalized negative number (Figure
7a) is normalized in the same manner as a positive number. The
results of single-length normalization are shown in Figure 7b. The
device interconnection for single-length normalization is outlined
in Figure 8. During single-length normalization, the number of
shifts performed to achieve normalization can be counted and
stored in one of the working registers. This can be achieved by
forcing a HIGH at the Cn input of the least significant slice, since
during this special function the ALU performs the function [B] +
Cn and the result is stored in B. Figure 9 illustrates the single-
length normalize. However, the microcode is shown in Figure 10.
Microcode for both single and double normalization can be re-
duced by one step by testing for zero during passing of number
into Q.

Mormalizing a double-length word can be done with the Double-
Length Normalize command which assumes that a user-selected

RAM Register contains the most significant portion of the word to
be normalized while the Q Register holds the least significant half
(Figure 11.) The device interconnection for double-length nor-
malization is shown in Figure 12. The Cn+4, OVR, N, and Z
outputs of the most significant slice perform the same functions in
double-length normalization as they did in single-length normali-
zation except that Cn+4, OVR, and N are derived from the output
of the ALU of the most significant slice in the case of double-
length normalization, instead of the Q Register of the most sig-
nificant slice as in single-length normalization. A high-level Z line
in double-length normalization reveals that the outputs of the ALU
and Q Register are both zero, hence indicating that the double-
length word is zero.

When double-length normalization is being performed, shift
counting is done either with an extra microcycle or with an exter-
nal counter. Figure 13 illustrates the double-length normalize
flowchart and Figure 14 shows the microcode.

RADIX
15414 13 1211 W0 9 8|7 6 5 4(3 2 1 0
QREGISTER | 1|1 [ | 1lojofo|lojafr)ifof1 ‘ 1{a]1
M55 LSS
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1

a) Unnormalized Negative Single Length Number.

165 14 13 12

O REGISTER ojojo|o

b) Normalized Negative Single Length Number,

MPR-041
Figure 7.
F= B +Cp, F-¥.8 a-a
0y Mss —— @10y aiog Qlo, 2i0g aio, oioy Q10 Q0 f=—o o
Qv 0, M85 ——— Ty
Oyv0q M55 —=——] OVR  Am2903 Am2903 Amzo03 amz003  Cp fee—— 1
QyMss = N
— 510 10, S0, 510 SI0, SI0, SI0, SI0,
3 z 0 3 z 0 3 z 0 3 z 0 +5
Gg+ T+« G,
MPR-042

Figure 8. Single Length Normalize.

Unsigned Multiply

This Special Function allows for easy implementation of unsigned
multiplication. Figure 15 is the unsigned multiply flow chart. The
algorithm requires that initially the RAM word addressed by Ad-
dress port B be zero, that the multiplier be in the Q Register, and
that the multiplicand be in the register addressed by Address port
A. The initial conditions for the execution of the algorithm are
that: 1) register R4 be reset to zero; 2) the multiplicand be in Ry
and 3) the multiplier be in Rys. The first operation transfers the

multiplier, Rys, to the Q Register. The Unsigned Multiply instruc-
tion is then executed 16 times. During the Unsigned Multiply
instruction, R1 is addressed by RAM address port B and the
multiplicand is addressed by RAM address port A.

When the unsigned Multiply command is given, the Z pin of
device 1 becomes an output while the Z pins of the remaining
devices are specified as inputs as shown in Figure 18. The Z
output of device 1 is the same state as the least significant bit of
the multiplier in the Q Register. The Z output of device 1 informs
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NUMBER IN Q
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NORMALIZE
ALU DISABLE
SHOLD
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1
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NORMALIZE
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Q2301 =1

Q—=-Q2
Ms —=— Q3

R2=—R2Z -1

END
NORMALIZED NUMEER IN Q
EXPONENT NUMBER IN R2

Figure 9. Single Length Normalize.

RADIX
31430 20 28 27 26 25 24 23 22 21 20 19 18 17 16
013C SLN R2,R2,0FF & CONT & SHOLD
0130 MAZ & T & CJP & GOTO ABORT e | | [ [ | ‘ ‘ [ | | | ‘ 1 ]
013E MAC & T & LOW RO & CJP & GOTO END
013F SLN R2,R2 & MAOD & T & GJP ONE & GOTO END & SUL
0140 AGAIN: SLN R2,R2 & MIO & T & CJP ONE & GOTO AGAIN & SUL
[NEY] SDOP & 5MS & CONT TER 15 14 13 12 1110 8 8 7 6 5 4 3 2 1 0
0142 SRS R2,R2,R0 & CONT ‘ | | [ l | I ‘ ] | | | ‘ l ‘
MPR-043
Figure 10. Figure 11. Double Length Word.
F=[8]+Cn  Log2F-Y.8 200
03 Mss
aiog aio, Qiog aio, aloy aig, aio, aiop fe— o
(Fg¥Fpl MSS = oy
(F3¥Fy) MSS =—] OVR  Am2303 Am2903 Am2903 Am2o03 Gy f=—— 0
Fg MSS N
—-_—| 5104 sio 5104 510, 5104 510 510, s10 [~—

MPR-044

Figure 12. Double Length Normalize.
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NO
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I
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Ms —=— Q3

R2—=—R2 + 1

END
NORMALIZED
LS NUMBER IN O
MS NUMBER IN R15
EXPONENT NUMBER

IN R2.
Figure 13. Double Length Normalize.

0148 OLN R15,R15,0FF & CONT & SHOLD
0149 MAZ & T & CJP & GOTO ABORT
014A LOW R2 & MAC & T & CJP & GOTO END2
0148 OLN R15,R15 & SDUL & MAQ & T & CJP & GOTO JUMP1
014C LOOP4: DLN R15,R15 & SDUL & MIO & T & CJP & GOTO JUMP1
014D PAR R2,R2 & JP ONE & GOTO LOOP4
014E JUMP1: PAR R2,R2 & CONT ONE
014F SDRQ R15, R15 & SDMS & END

START
MULTIPLICAND IN RO
MULTIPLIER IN R15

16 ==CTR
R15—=0Q

UNSIGNED
MULTIPLY
DECREMENT CTR

END
PRODUCT (MS) IN R1
PRODUCT (LS) IN @

Figure 15. Unsigned 16 X 16 Multiply.

the ALUs of all the slices, via their Z pins, to add the partial product
(referenced by the B address port) to the multiplicand (referenced
by the A address port) if Z = 1. If Z = 0, the output of the ALU is
simply the partial product (referenced by the B address port).
Since Cn is held LOW, it is not a factor in the computation. Each
positive-going edge of the clock will internally shift the ALU out-
puts toward the least significant bit and simultaneously store the
shifted results in the register selected by the B address port, thus
becoming the new partial sum. During the down shifting process,
the Cn+4 generated in device 4 is internally shifted into the Y5
position of device 4. At this time, one bit of the multiplier will
down shift out of the QIO ports of each device into the QIO5
port of the next less significant slice. The partial product is
shifted down between chips in a like manner, between the SI0g
and 5103 ports, with SIQg of device 1 being connected to QlO5
of device 4 for purposes of constructing a 32-bit long register to
hold the 32-bit product. Shifting of the partial product between
the B address and Q registers are accomplished via the
Am2904. At the finish of the 16 x 16 multiply, the most signifi-
cant 16 bits of the product will be found in the register refer-
enced by the B address lines while the least significant 16 bits
are stored in the Q Register. Using a typical Computer Control
Unit (CCU), as shown in Appendix C, the unsigned multiply
operation requires only two lines of microcode, as shown in
Figure 16, and is executed in 17 microcycles.

LOPT R15 & F & GRD & PUSH & COUNT 00E
UMUL R1,R1,R0 & F & CNT & SDDL & RFCT

010C
010D

Figure 14.
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Two's Complement Multiplication

The algorithm for two's complement multiplication is illustrated by ST:SLTTrPucaND IN RO
Figure 17. The initial conditions for two's complement multiplica- MULTIPLIER IN R15

tion are the same as for the unsigned multiply operation. The
Two’'s Complement Multiply Command is applied for 15 clock
cycles in the case of a 16 x 16 multiply. During the down shifting
process the term N % OVR generated in device 4 is internally
shifted into the Y3 position of device 4. The data flow shown in

15—=CTR
Rys—=0Q

Figure 18ais still valid. After 15 cycles, the sign bit of the multiplier
is present at the Z output of device 1. At this time, the user must
place the Two's Complement Multiply Last cycle command on the
instruction lines. The interconnection for this instruction is shown
in Figure 18b. On the next positive edge of the clock, the Am2903
will adjust the partial product, if the sign of the multiplier is nega-
tive, by subtracting out the two’s complement representation of NO
the multiplicand. If the sign bit is positive, the partial product is not
adjusted. At this point, two's complement multiplication is com-
pleted. Using a typical CCU, as shown in Appendix C, the two's
complement multiply operation requires only three lines of micro-

2'S COMPLEMENT
MULTIPLY
DECREMENT CTR

YES

2'5 COMPLEMENT

code, as shown in Figure 19, and is executed in 17 microcycles. MULTIPLY
TWO’S COMPLEMENT DIVISION
END
The division process is accomplished using a four quadrant non- PRODUCT (MS) IN R1 @
restoring algorithm which yields an algebraically correct answer FRODUCT {LS) IN @
such that the divisor times the quotient plus the remainder equals
the dividend. The algorithm works for both single precision and Figure 17. 2's Complement 16 X 16 Multiply.
F=[B] +Chif 2=0
F=[Bl +[Al +CpitZ=1 Log. Fiz—~ Y. B az-a
DEVICE 4 DEVICE 3 DEVICE 2 DEVICE 1
%o Lss
Qioy Qigy Ql0g Qo a0, Qlog Q0 ity —
=1 Cnes
—=—— OVR Am2903 AmZ903 Am20d AmZ903 c, =10
I FoLss
XlNowl ——=510; 5i0p slog , sio sioy , Sigg siog s .

Qg 1ss

is internally shifted into position ¥3 MSS.

Note: For unsigned multiply, Cpn + 4 MSS is internally shifted into position Y3 MSS; 2's complement multiply N¥OVR

iply.
a) Multiply MPR-049
F=[B] +Cnif Z=0
F=[B] = [A] =1+ChifZ=1 LogFl2~Y.B wz-a
9o Lss
0oy aiog Qi0y aig, Qlog 2i0, Qi0y Qg f—e
-
—=——— OVR  Am2903 Am2903 Amzo03 Amz303  Cn
N F,
LSS
X iNots) ——=] 510 510, sio si0, sl 10 510, s10,
ot s, o 3 g ] %, ] s, o [T
Qg ss
Note: N % OVR is internally shifted into position Y3 MSS.
b) Complement Multiply, Last Cycle.
) p ply, y ——

Figure 18.
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0113 LQPT R15 & F & GRD & PUSH & COUNT 00D
0114 TCM R1,R1,R0 & F & CNT & SDDL & RFCT
0115 TCMC R1,R1,R0 & SDDL & CONT CZ

Figure 19.

multi-precision divide operations. The only condition that needs
to be met is that the absolute magnitude of the divisor be greater
than the absolute magnitude of the dividend. For multi-precision
divide operations the least significant bit of the dividend is trun-
cated. This is necessary if the answer is to be algebraically
correct. Bias correction is automatically provided by forcing the
least significant bit of the quotient to a one, yet an algebraically
correct answer is still maintained. Once the algorithm is com-
pleted, the answer may be modified to meet the user's format
requirements, such as rounding off or converting the remainder

so that its sign is the same as the dividend. These format modifi-
cations are accomplished using the standard Am2903 instruc-
tions.

The true value of the remainder is equal to the value stored in the
working register times 2"~ " when n is the number of quotient
digits.

The following paragraphs describe a double precision divide
operator.

Referring to the flow chart outlined in Figure 20, we begin the
algorithm with the assumption that the divisor is contained in
Rg. while the most significant and least significant halves of
the dividend reside in Ry and R, respectively. The first step is
to duplicate the divisor by copying the contents of Ry into Rj.
Next the most significant half of the dividend is copied by
transferring the contents of R, into R, while simultaneously
checking to ascertain if the divisor (Rp) is zero. If the divisor is
zero then division is aborted. If the divisor is not zero, the
copy of the most significant half of the dividend in Rz is con-
verted from its two's complement to its sign magnitude rep-
resentation. The divisor in Rs is converted in like manner in

START
DIVISOR IN RO
DIVIDEND (MS) IN R1
DIVIDEND {LS) IN R4

@

SIGN/MAGNITUDE
TWO'S COMPLEMENT
R2

SIGN/MAGNITUDE

TWO'S COMPLEMENT
R3
VES SCALE
DIVIDEND
NO
2R3I—R3

YES
NO
2R2—=R2

Ri—=—0Q

YES

SCALE

NO

18T
DIVIDE OP

2'S COMPLEMENT
DIVIDE

R1
NO
YES

2'S COMPLEMENT
DIVIDE
R1

END
QUOTIENT IN Q
REMAINDER IN R1

Figure 20. Two’s Complement Division.
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the next step, while testing to see if the results of the dividend
conversion yielded an indication on the overflow pin of the
Am2903. If the output of the overflow pin is ‘one’ then the
dividend is —2" and hence is the largest possible number,
meaning that it cannot be less than the divisor. What must be
done in this case is to scale the dividend by down shifting the
upper and lower halves stored in Ry and Ry respectively. After
scaling, the routine requires that the algorithm be reinitiated at
the beginning.

Conversely, if the output of the overflow pin is not a one, the sign
magnitude representation of the divisor (R3) is shifted up in the
Am2903, removing the sign while at the same time testing the
results of two's complement to sign magnitude conversion of the
divisor in the Am2910. If the results of the test indicate that the
divisor is —2" i.e., overflow equals one, then the lower half of the
dividend is placed in the Q register and division may proceed.
This is possible because the divisor is now guaranteed to be
greater than the dividend. If overflow is not a one then we must
proceed by shifting out the sign of the sign magnitude represen-
tation of the dividend stored in Ry. At this point we are able to
check if the divisor is greater than the dividend by subtracting the
absolute value of the divisor (R3) from the absolute value of the
upper half of the dividend (R) and storing the results in Ry. Next,
the least significant half of the dividend is transferred from R4 to
the Q register while simultaneously testing the carry from the
result of the divisor/dividend subtraction. If the carry (Cn+4) is

one, indicating the divisor is not greater than the dividend then a
scaling operation must occur. This involves either shifting up the
divisor or shifting down the dividend. If the carry is not one then
the divisor is greater than the dividend and division may now
begin.

The first divide operation is used to ascertain the sign bit of the
quotient. The two’'s complement divide instruction is then exe-
cuted repetitively, fourteen times in the case of a sixteen bit
divisor and a thirty-two bit dividend. The final step is the two’s
complement correction command which adjusts the quotient by
allowing the least significant bit of the quotient to be setto one. At
the end of the division algorithm the sixteen bit quotient is found in
the Q register while the remainder now replaces the most sig-
nificant half of the dividend in Ry. It should be noted that the
remainder must be shifted down fifteen places to represent its
true value. The interconnections for these instructions are shown
in Figures 21, 22, 23. Using a typical CCU as shown in Appendix
C, the double precision divide operation microcode, is shown in
Figure 24.

For those applications that require truncation instead of bias
correction, the same algorithm as above should be implemented
except one additional Two's Complement Divide instruction
should be used in lieu of the Two’s Complement Divide Correc-
tion and Remainder instruction. However, this technique results
in an invalid remainder.

F=[8] +Cp, Log. 2F — ¥, B —-a

Qg MSS

Qo alog

aioy

[s10s7Y alog
Fa¥ FyMss =—— g 0
Fa¥ FyMss =—— OVR  Am2903 Am2903

Fqy M55 =—— N

5103 L

1oy alog aig

Am2903 Am2903  Cp f=— 0

——a— 1510, S0
Ry F3) MSS z

FresFpeligeTyes @,

5103 510 510 sl0g
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Figure 21. Double Length Normalize/First Divide Operation.
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Figure 22. 2's Complement Divide.
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Figure 23. 2's Complement Divide Correction.

0119 OIv: LOW R10 & JSR & GOTO INP

011A PAR R7,R15 & JSR & GOTO INP crant
g} :g :i: 2;-212-&5615%& GOTO INP NUMBER TO BE ROOTED IN A1
0110 LOOPT: PAR R3,R7 & CONT

011E PAR R2,R1 & T & MIZ & CJP & GOTO ABORT

011F SMTC R2,R2 & CONT Z

0120 SMTC R3,R3 & T & MIO & CJP CZ & GOTO SCALE1

0121 ALUOFF & T & MIO & CJP & GOTO SKIPG

0122 SURL R3,R3 & SUL & CONT

0123 SURL R2,R2 & SUL & CONT

0124 ALUOFF & JP & GOTO LOOP2

0125 SCALE1: LOPT R4 & JSR & GOTO SDIVD

0126 ALUOFF & JP LOOP1

0127 LOOPZ: SSR R3,R2,YBUS & CONT ONE
0128 SKIPE: LQPT R4 & F & MIC & CJP & GOTO SKIP3

0129 ALUOFF & JSR & GOTO SDIVD
0124 SURL R2,R2 & SDL & CONT
0128 ALUOFF & JP & GOTO LOOP2
M2C  SKIP3: ALUOFF & F & GRD & LDCT & COUNT 00C
012D DLN R1,R1,R7 & T & GRD & SDUL & PUSH
012E TDIV R1,R1,R7 & F & CNT & SDUL & RFCT CZ
012F TDC R1,R1,R7 & SUH & CONT CZ i 0
0130 QMOV R15 & JSR & GOTO OUTP AO—— 2R0 He == Ab VR
0131 PAR R15,R1 & JSR & GOTO OUTP
0132 ALUDFF & JP & GOTO DIV
0133 SDIVD: PAR R1,R1 & CONT
0134 ALUOFF & T & MIS & CJP & GOTO NEG
0135 PAR R1,R1,ADRQ & SDDL & CONT
0136 ALUOFF & JP & GOTO RET
0137 NEG: PAR R1,R1,ADRQ & SDDL & CONT
0138  RET: QMOV R4 & CONT
0139 PAR R10,R10 & RTN ONE
Figure 24.

NON-RESTORING BINARY ROOTS

The algorithm for Non-Restoring Binary Roots is illustrated in
Figure 25. Theinitial conditions required are: 1) the non-negative
number to be rooted in the radicand register, Ry; 2) Ry has the
positive append bits 101g; 3) R3 has the negative append bits
011g; 4) R, is the mask register with BFFFy; 5) Rs is the partial
register with 4000y; and 6) the counter register, Rg, with the
value 08.

RO = R0-AS
SHOLD

An example of the Non-Restoring Binary Root algorithm is shown B CTEDHUMEER KRS

in Figure 26. Starting at the binary point, the number to be rooted

is partitioned into pairs. The partial value is subtracted from the
first pair. An intermediate remainder and sign are then produced. Figure 25. Non-Restoring Binary Root.
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0.0000000GCO
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Figure 26. Non-Restoring Binary Root Example.

If the remainder is positive, a 1 is entered in the corresponding
root bit. Then a 01 is appended to the partial, shifted and sub-
tracted from the present remainder to produce the next remain-
der. When the remainder becomes negative, the present remain-
der is not restored. A 0 is entered in the next corresponding root
bit. Then an 11 is appended to the partial, shifted and added to the
present remainder. The entire process is repeated until the
partial root has developed into 8 bits or the remainder is zero.

Referring to Figure 26, the same method of finding the root
applies. A starting partial value, Rs, is subtracted from the
radicand, Ry, which produces the intermediate remainder Ry.
During this time, the sign of the remainder is stored within the
Am2904. Then Rg is masked by R, to obtain the next partial value
and Ry is shifted to obtain a new mask for the next cycle. Status is
obtained from the Am2304 and tested. If the remainder is posi-
tive, a root bit of 1 is developed and bits 01 appended by Rs.
When negative, a root bit of 0 is developed and bits 11 appended
by Rj. At this point Rg is decremented and tested for zero. If Rg #
0, then addition or subtraction is performed on the remainder
depending on the sign bit stored in the Am2904. A new remainder
is produced and cycled through the procedure again. Figure 27
illustrates the microcode.

BCD HARDWARE ADDITIONS

In applications where fast BCD operations are needed the de-
signer has the option of using a slight amount of additional
hardware to dramatically increase the performance of these op-
erations. These firmware/hardware trade-off's are very applica-
tion sensitive. The hardware-firmware examples given below are
specifically for an intensive BCD system with a large fraction of
conventional logic-arithmetic operations. The designer is willing
to reduce cycle time slightly to increase BCD thru-put. Small
hardware additions are acceptable as long as flexibility is re-
tained.
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0152 SORT: LOW R10 & CONT

0153 LOW RO & CONT

0154 PAR R1,R15 & CONT

0185 PAR R2,R0,.DARB & CONST 0005 & CONT
0156 PAR R3,RD,,DARB & CONST 0003 & CONT
0157 PAR R4,R0,,DARB & CONST H#BFFF & CONT
0158 PAR R4,R0,,DARB & CONST 4000 & CONT
0159 PAR R6,R0,,DARB & CONST 0008 & CONT
015A SRS RO,R1,R5 & CONT & SHOLD

0158 CYCLE: AND R5,R5.R4 & CONT

015C SDRL R4,R4 & MAS & CJP & GOTO END3
015D SDRL RO,RO, & T & MAS & CJP & GOTO POS
015€ OR R5,R3 & JP & GOTO CNT

015F POS: OR R5,R2 & CONT

0160 CNT: SRS R6,R6.RI0 & CONT

0161 SDRL R2,R2, & T & MIZ & CJP & GOTO END3
0162 SDRL R3,R3 & T & MAS & CJP & GOTO SUB
0163 ADD RO,RO,R5 & JP & GOTO CYCLE & SHOLD
0164 SuB: SRS RO,RO,RS & JP & GOTO CYCLE & SHOLD
0165  END3: JP & GOTO SQRT

Figure 27,

The hardware additions finally decided on were chosen to in-
crease the performance of BCD to binary conversion, binary to
BCD conversion and BCD addition. The performance increases
were approximately an order of magnitude in the first two cases,
and a factor of 4 or 5 in the last case. A diagram of the additions
(3% ICs) is given in Figure 28.

The 74508 AND gates normally pass the carry from the
Am2902A to the Am2903s. When microbit CZER is low the
Carries-in are forced to zero. This is used to “disconnect” the
carry so that a test may be done on each slice simultaneously. For
example if a test for 5 or greater is desired a HEX B is added and




BCD HARDWARE ADDITIONS
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Figure 28.

the carry out of each slice will indicate the result of the test. This
allows simultaneous tests on each individual slice and greatly
increases thru-put. This addition increases the performance of
BCD to binary conversion and binary to BCD conversion by at
least an order of magnitude. The drawback to this addition is that
the AND-gates introduce an extra gate delay in a critical path. The
machine cycle time may be increased by about 8ns. The increase
in BCD performance will more than offset this delay for BCD
intensive systems.

Another hardware addition is the Am25L5241 three-state buffer.
This buffer allows the Am2904 to be used to store the carry-out
status bits via the bi-directional ¥ bus.

The 25L5195A is wired as a 4-bit register with clear and enable.
This register is used to store the carry-out bits from a test cycle.
The outputs of the 25L.S195A are ORed with the output of the
Am2904 Y-bus and connected to the Am2909 OR inputs in the
CCU. This allows a multi-way branch on the OR of two test
cycles, greatly increasing the performance of BCD addition.

BCD TO BINARY CONVERSION

The usual method of BCD to binary conversion is to divide the
BCD number by 2. The 1-bit remainder will indicate if a 1
existed in the BCD number. The previous division result is di-
vided by 2 again and the remainder will indicate if a 2 existed
in the BCD number. In general the remainder from a division
by 2" will indicate if a 2" existed in the BCD number.
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These remainders can be used to construct the binary rep-
resentation, b,2" + b,_412"7" + by_p2"7% + ...+ b2" +
b02°' The by, bit is thus the remainder from division step n +
1. The binary representation may thus be created by shifting
the rernainders down until the m-bit BCD number has been
divided by 2 m times.

To divide a BCD number by 2 a down shift is executed. The 4, 2
and 1-bit positions will contain the correct result, but the 8-bit
position is incorrect. Its value has changed from 10 to 8 instead of
from 10 to 5. This means the resulting BCD number will have a
value 3 greater than it should for the division by 2 to be correct. A 3
must be subtracted from any digit in which a 1 entered its 8-bit.

A sample conversion is given in Table 10. The BCD number is
gradually shifted down and corrected when necessary. The bi-
nary number is finally correct after 16 cycles.

A flow diagram for the algorithm is given in Figure 29. The BCD
input, A, is shifted down into the binary output B, to start the loop.
The constant 0888 is added to A with the carries-in forced to zero.
The resulting carries-out will indicate if A contained a 1 in any of
the 8-bit positions. These carries are saved in status register
SR1. A multi-way branch is then executed to enter the adjust
table. The digits are adjusted depending on the previous test. At
the same time a shift can be executed to prepare for the next test
instruction. A test for end of loop is also done in this cycle to
provide an exit if 16 iterations of the loop are complete. Finally a
shift up of B is needed to cancel the extra right shift when the loop
is exited. The microcode for this algorithm is given in Figure 30.



TABLE 10.
Digit Digit Digit Digit BCD —=Binary
3 2 1 0 Result Operation
0010 1001 0000 0100
0001 0100 1000 0010 0 SHIFT
0001 0100 0101 0010 ADJUST DIGIT 1
0000 1010 0010 1001 00 SHIFT
0000 0111 0010 0110 ADJUST DIGITS 2,0
0000 0011 1001 0011 000 SHIFT
0000 0011 0110 0011 ADJUST DIGIT 1
0000 0001 1011 0001 1000 SHIFT
0000 0001 1000 0001 ADJUST DIGIT 1
0000 0000 1100 0000 11000 SHIFT
0000 0000 1001 0000 ADJUST DIGIT 1
0000 0000 0100 1000 011000 SHIFT
0000 0000 0100 0101 ADJUST DIGIT 0
0000 0000 0010 0010 1011000 SHIFT
0000 0000 0010 0010 ADJUST NONE
0000 0000 0001 0001 01011000 SHIFT
0000 0000 0001 0001 ADJUST NONE
0000 0000 0000 1000 101011000 SHIFT
0000 0000 0000 0101 ADJUST DIGIT 0
0000 0000 0000 0010 1101011000 SHIFT
0000 0000 0000 0010 ADJUST NONE
0000 0000 0000 0001 01101011000 SHIFT
0001 ADJUST NONE
0000 101101011000 SHIFT
0000 ADJUST NONE
000 0101101011000 SHIFT
000 ADJUST NONE
00 00101101011000 SHIFT
00 ADJUST NONE
0 000101101011000 SHIFT
0 ADJUST NONE
0000101101011000  SHIFT
ADJUST NONE
BINARY TO BCD CONVERSION
A: - 8D NUMBER @ A method very similar to the one used for BCD to binary conver-
D: - DUMMY REGISTER sion may be used for binary to BCD conversion. The BCD number
is created by shifting the binary number up, into a partial BCD
result. The BCD number is adjusted to provide a multiplication by
s A 2. The shift adjust process continues until the least significant
binary bit is shifted into the BCD result.
I The adjustment is needed when a 1 is shifted from the 8-bit
reontt A ity position to the 1-bit position of the next digit. the value has
SR1==- CARRIES-OUT; increased from 8 to 10, instead of from 8 to 16. To correct thisa 6
| must be added to any digit that has a 1 shifted out of its 8-bit
position. Alternately a 3 could be added before the shift to any
T R digit that has a 1 in its 8-bit position.
+ 8 Another correction is needed whenever an invalid BCD digit is
ADJUST; encountered. If a number greater than 9 is detected in any digit a
il g 10 must be subtracted from that digit and a 1 added to the next
highest digit. The same correction can be accomplished if a 6 is
I added to the invalid digit after the shift. To correct before the shift
SHIFTUP B a 3 is added to any digit which contains a 5, 6 or 7. These
adjustments are summarized in Table 11. Both adjustments may
be accomplished by adding a 3 to any digit which is greater than 4.
@ Table 12 shows an example conversion. The binary number is
gradually shifted up and the BCD partial result adjusted. After 14
iterations the conversion is complete. A flow diagram for the
Figure 29. BCD to Binary Conversion (16 Bits to 14 Bits). algorithm is given in Figure 31.
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"

A: = RO
B: =0
1 ENR & COUNT LOOP & CONT
2 PAS RO, RO LDRQ & SDDL & LDCT & CONST 15
LOOP: 3 ADD R1, RO, RO, DARB & ALUOFF & CONST 0888 & CZERO & ENSURT & CLSR2 & RPCT
4 ALUOFF & MULTI 8WAY
ALIGN 8
5 ALUOFF & CJRP & CNTR & GOTO EXIT
6 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
7 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
8 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
9 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
10 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
11 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
12 SUB RO, RO, RO, LDRQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
EXIT: 13 PAS RO, RO, RO, LURQ & SDUL & RTN
Figure 30.
TABLE 11.
Adjustment
Present # Before Shift Reason @
0000 NONE -
0001 NONE -
0010 NONE -
0011 NONE _ SHIFTUP B
0100 NONE -
0101 +3 ‘
0110 +3} lllegal BCD
01 11 +3 SHIFT UP B
1000 | +3
1001 +3 I
1010 +3 SHIFT UP B
1011 +3 Shift Thru INTO A
1100 +3 Correction i
1101 +3
110 +9 P
1111 +3 SR1-=- CARRIES-OUT

Initially the 14-bit binary number is left justified by two shift up
operations. To start the loop the binary input, B, is shifted up, into
the partial BCD result, A. The constant BBBB is added to A, with
the carries-in forced to zero. The resulting carries-out are stored
in status register SR1. A multi-way branch is used to enter the
adjusttable. The digits are adjusted depending on the result of the
previous test. In the same instruction a shift is executed to pre-
pare for the next test cycle. Additionally an end of loop test is used
to provide an exit if 16 iterations of the loop are complete. Before
the exit a fix-up cycle is used to cancel the extra shift executed in
the loop. The microcode for this algorithm is given in Figure 32.

BCD ADD

One method of performing a 4-digit BCD add is to do a 16-bit
binary add, with the carries-in forced to zero, and adjust the
resulting sum. The adjustments are necessary to change invalid
BCD digits to valid BCD digits. When an invalid digit is modified
a carry to the next highest digit is generated. This could cause a
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Figure 31. Binary to BCD Conversion (14 Bits to 16 Bits).




Q: =Binary Input
R0O: = BCD Result

1 SURL RD, RO & SUL & CONT
2 SURL RO, RO, & SUL & ENR & COUNT LOOP & CONT
3 PAS RO, RO, ,LURQ & SDUL & LDCT & COUNT 15
LOOP: 4 ADD R1,R0, RO, DARB & ALUOFF & CONST BBBB & CZERO & ENSR1 & CLSR2 & RPCT
5  ALUOFF & MULTI 16WAY
ALIGN 16
6  ALUQFF & CJRP & GOTO EXIT
7 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
8 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
9 ADD R1, RO,-RO, LURQ,DARE & CONST 0003 & CJRP & CNTR & GOTO EXIT
10 ADD R1, RO, RO, LURQ,DARBE & CONST 0003 & CJRP & CNTR & GOTO EXIT
11 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
12 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
13 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
14 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
15 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
16  ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
17 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
18  ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
19 ADD R1, RO, RO, LURQ,DARBE & CONST 0003 & CJRP & CNTR & GOTO EXIT
20 ADD R1, RO, RO, LURQ,DARBE & CONST 0003 & CJRP & CNTR & GOTO EXIT
21 ADD R1, RO, RO, LURQ,DARB & CONST 0003 & CJRP & CNTR & GOTO EXIT
EXIT: 22 SDRL RO, RO, & SDL & RTN
Figure 32. Binary to BCD Conversion Microcode (14 Bits to 16 Bits).
TABLE 12.
Result
Digit Digit Digit Digit Binary — BCD
3 2 1 0 Conversion Operation
00101101011000
] 0101101011000 SHIFT
0 ADJUST NONE
00 101101011000 SHIFT
00 ADJUST NOMNE
oo 01101011000 SHIFT
oo ADJUST NOMNE
0010 1101011000 SHIFT
0010 ADJUST NONE
0 o1m 101011000 SHIFT
0 1000 ADJUST DIGIT O
01 0001 01011000 SHIFT
01 0001 ADJUST NONE
010 0010 1011000 SHIFT
010 0010 ADJUST NONE
0100 0101 011000 SHIFT
0100 1000 ADJUST DIGIT 0
0 1001 0000 11000 SHIFT
0 1100 0000 ADJUST DIGIT 1
o1 1000 0001 1000 SHIFT
01 101 001 ADJUST DIGIT 1
011 0110 Q011 000 SHIFT
011 1001 0011 ADJUST DIGIT 1
011 0010 0110 00 SHIFT
1010 0010 1001 ADJUST DIGIT 2
1 0100 0101 0010 0 SHIFT
1 0100 1000 o010 ADJUST DIGIT 1
10 1001 0000 0100 SHIFT
10 1001 0000 0100 ADJUST NONE
2 9 0 4
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previously valid digit to become invalid. The word must be
checked and modified until all digits are valid (up to four modifi-
cation cycles could be necessary).

Initially the two BCD numbers are added with the carries-in to
each digit forced to zero. The carries out are saved. Next the hex
number 6666 is added to the sum, with the carries-in forced to
zero, and the resulting carries out are saved. This tests each
digit for validity, a carry-out indicating an invalid BCD digit

(greater than 9). If a carry was generated in either cycle a 6 is
added to the invalid digit, with carries-in forced to zero, to create
the valid BCD digit. Additionally a 1 must be added to the next
highest digit to provide the BCD carry-out. Each time a digit is
adjusted the carry-out may invalidate the next highest digit. Thus
adjustment cycles must be followed by validity tests until all
digits are valid. A flow diagram for this algorithm is given in
Figure 33. The microcode for this algorithm is given in Figure 34.

A—=—4 + B = CIN;
CARRIES-IN=—0D;
SRA1—=—CARRIES-OUT;

I

D—=—A + 6,6,66;
CARRIES-IN—=—0;
SR2—=—CARRIES-OUT;

l

MULTI-WAY
BRANCH ON
SR1 OR SR2

,fis

ADJUST DIGITS;
SR1=—0;
NO
ADJUST ADJUST

O

A= R1
B: = RO

1 ADD R1,R1,R0 & CZERO & ENSR1 & CONT Z

2 ADD R1.R1,R0,,DARB & ALUOFF & CZERD & ENSR2 & CONST 6666

3 ALUOFF & MULTI 16WAY & RMAC

ALIGN 16

4 ALUQFF & JMP & GOTO EXIT & ENSR1

5 ADD R1,R1,RD, DARB & CONST 0016 & GOTO LOOP & CLRSR1

6 ADD R1,R1,R0,,DARB & CONST 0160 & GOTO LOOP & CLRSR1

7 ADD R1,R1,R0,,DARB & CONST 0176 & GOTO LOOP & CLRSR1

8 ADD R1,R1,R0,,DARB & CONST 1600 & GOTO LOOP & CLRSR1

9 ADD R1,R1,R0,,DARB & CONST 1616 & GOTO LOOP & CLRSR1

10 ADD R1,R1,R0,,DARB & CONST 1760 & GOTO LOOP & CLRSR1

11 ADD R1,R1,R0,,DARB & CONST 1776 & GOTO LOOP & CLRSR1

12 ALUOFF & JMP & GOTO LOOP & SMAC & CLRSR1

13 ADD R1,R1,R0,.DARB & CONST 0016 & GOTO LOOP & SMAC & CLRSR1
14 ADD R1,R1,R0,,DARB & CONST 0160 & GOTO LOOP & SMAC & CLRSR1
15 ADD R1.R1,R0..DARB & CONST 0176 & GOTO LOOP & SMAC & CLRSR1
16 ADD R1.R1,R0..DARB & CONST 1600 & GOTO LOOP & SMAC & CLRSR1
17 ADD R1,R1,R0,,DARB & CONST 1616 & GOTO LOOP & SMAC & CLRSR1
18 ADD R1,R1,R0, DARB & CONST 1760 & GOTO LOOP & SMAC & CLRSR1
19 ADD R1.R1,R0, DARB & CONST 1776 & GOTO LOOP & SMAC & CLRSR1

EXIT:

Figure 33. BCD Add.

Figure 34. BCD Add Microcode.

SUMMARY

In this chapter, a detailed description of the Am2904 was pre-
sented, along with an example timing analysis. Several micro-
code algorithms were discussed to show how the Am2904 oper-
ates in a 2903 based CPU. As can be seen, the Am2904 provides
a powerful, single-chip LS| solution to the shift multiplexer, status
register, and carry multiplexer design portion of a CPU using
either the Am2901B or the Am2903.

29

The Appendix includes a full microcode listing. The interested
reader is encouraged to study these listings to gain a better
understanding of the hardware organization (Appendix C). An
additional microcode listing (Appendix B) gives the AMDASM™
definition file and source file for the microcode. The reader should
study these listings while referring to the AMDASM Manual. (The
Am2900 Family Data Book contains an AMDASM Reference
Manual, document AM-PUB003, 4-78 FRODO.)






CONSTANT
89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74|73
DG MG X N T X X E X E X X WO
MEXE X XX XX e X XEXEXEE el
P ED SRR D EH D EIEDED ER DL DLy IR
e NS S YD E C S e 28 e T E Y
N XX G N e e RN
XE XX XOXU X EXE XX o X7 X X XOXOXE XX
P ED R CRED EDCHCHEDER R LD (DD
REENEXT XO MO X XXX Xt X U XEEXE G XX
PE XX XEXE XEXE X X X X XEXEEX XXX
NG XX X X MO Xa XN X X XEXE X )X,
XEXE XS XS XS XN NE RN X X X0 X XE XS EX
PN A X e RGN XN
MWK N e XN N N EREE GE N
XXX NG XX K N
LSS e () e (R T TS e s D G
PSSR DI C NS DENERE DL DL LD DD Y
EERERS S G e E e S E B E LR R C D) (P
X XO KX X XGRS XXX
X XEEXE NN NG X M X N e W XXX
pERE REE DI R D DL VT DT E DL DL (B
XE X X Xa X VR X XA XE X X X e X R
X KGR XX N O XA X XX X XXX
PEDCTEVL L DT IE FENE SR DD
IS G X X MG GE XX X X X XX
WX e O NG XXX T XE X XXX
HEEXTXG XENE X X KT X X NG XXX
HEXEXE XSG XE XXX X X KON XE X X
XA XX NG X0 X W )X X X |
LEBL LD DIDT D DE DEDE D EDE R DS
WP RERE DL EREHE DE D HEH CRER G0 L DY
XX X X G X GG XXX e xR
DEE X G X RO X XX G X e XS o
FERER O EDIDHEDEDL DEDEDE DL G900 D
o XX XX XE XX X XX XX Xe X XebX
XSG N ENE XN X e G X X XS e
XN NN N XX XX R e XS
XEENE XN NN M X E K XSG N P
PR e S L e DGR C D EDE D L e

LABEL

SCALE 1:
LOOP 2
SKIP 6:

I EDEEGOR S

E
F
0
1
2
3
4
5
2506
2538
07 51292230
2N
2B

0
0

1
1
2
2
2
2
2
2
2.7

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

0: 52 C S KIRA3:

ADDRESS
0512250
2
2
3
3
3
3
3
3
3
3
3
3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

COMMENTS

UNSIGN
MULTIPLY

TWO'S
COMPLEMENT
MULTIPLY

TWO'S
COMPLEMENT
DIVIDE
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AT

e

CONSTANT

89 88 87 86 85 84 83 82 81 80 79 78 77 76 75 74|73 72 71 70|¢f

XeEXE G DEG XN D G eXeaEENE DS | XX
G20 DB B G O T S0 i TG BDCRGEG BR 1o OX OX OX
pEVED SO e EPE VG e ¢ ) E g e THBFE G E S
WX XX M N XX XX XS X G X
e Xet Mo e W NENEEXE G XS e e e | SN
Mo W G XE G X XEXE @ N RN e X
WEO e e ENE Ve e E IC Y C O E DSV E DG 06 e

e RERE Lo DGR E O L MGG O R E S X

WEIHETHE XXX e X NI e NN BN X
e C P EH I C e e E NG D ENEDE S E A DD G
G GO EEVE VB ELER E TS ME ST TS ¢
REL G e E e e e COTEIE L E VI e B
DG i 0 B DGR G X S X OX IR NI SR B
XN A I XA X A X R R S X X e
L@ IR OEHE VTS ENE G e 0 e A0 TE DS

MDA X XX X XA e RO SR EX X B

REL SO 0 PG E o E T D e L0 DG CE
WS E O EL EO S S ED S DD R GENE DS DG G DG NE D

1
1
1

0
’
1

0 =0 ~0 <00 50 =0-50 01050 SO0 S0 S a0

1

Q.20 70 1050 X070 20 0-H0F 0] R0ES0)
00 805010 500 20000 c0FR0" 80

1

0 »0 =007 3010520 =020 0030

0

00 0FX X XX

1

SR SN EI e O D EUT L E O E SIS DG IS C 2.8
LS RE e e e I e T YRGS I G O
XX I OX BX. XX BRI S| B SN
I B BN B XX XN B | B X
DG N GG I A INE B B G
IR R S B X B ISR PG e G e I
S TG e B S ERRE G B I B

DEPE BYCE Y S B N X ERX P | B D
DGR B B)e AN A S I BXE I I N | e
ICEF(ERC B S BN B B G S0 X X R
XCENEIE B BB S N R S SN

APPENDIX A

COMMENTS

LABEL

LOOP4:

JUMP1:

POS:
SUB:

ADDRESS

1

0

4 0.| AGAIN:

1

0

1

0

155420

0

4 E

1

5= BAEYCLE:

1

Cc
D
E
E

6 0°| CNT:
3
4

5
5
5
5
6
6r 2
6
6

1
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
0
0

SINGLE

LENGTH

NORMALIZE

DOUBLE
LENGTH

NORMALIZE

BINARY

ROOTS

e B

32



APPENDIX A

2 loelinel 5>l XX X X X X X X S e S e S S S S e e S i
ﬁ KX X XXX X KX XXX XX MM X KKK XXX XX
& i e 5e) neiae XX X X X X X X Seiseipdibabeneind ndibdieindndinalbaiba el sdisling
m Ko XX XXX KX HK XXX XX PR KKK KKK XK KK KKK KK
= b e i aciiscibaibaling XXX+ OOXXXXXXXXXXX
2 o A L >C e e sl 5e XXX Orm 00X XXXXXXXXXX
2 S e e o > > e el nel e 5e XXX -0 0OOXXXXXXXXXXX
= XS e et S Scic EcixciSbing S D Ol O e e e e < B
R b e i X X X X X X X X Sl B e IS O B e el Bz B 5
2 b Gy Seisclisetsadi g XX XOO+0OXXXXXDXXXXXX
5 2 S B S e e S B S s XXX OO~ OO0 XXX XXXXXxXX
..m © X X X X X X XX X X X X X X XXX OO~ 0O XX XXXXXXXXX
n
W S X X X X X X X 315 i Dl e XXXOO -0 OXXXXXXXXXXX
o b e el e Seiineine s einaind e inding XXX OO+~ 0OOXXXXXXXXXXX
= X X X X X X X S S S S O D O O S A S i D e
2 S I e XX X X X X X X XXX OO =00 XXXXXXXXXXX
b X X X X X X X XX X X X X X X XXX OO =00 XXXXXXXXXXX
W g O b b 4 g 4 KX XK XX XX HKHXOO 00O X X XXX XX
3 > X X X X X XX X X X X X X S OIS IO e 1o I i (3¢ CIC o Iy e e
w XXX XXX P A O G g 4 KX XKXOO O O X XXX XXX XX
- i e w
w = o fnll I s
e % gnE = 85 =
-l << ] Mu (@] (R w
% CoOWwWw o~ oo<OUO0Ww NOFTWO~DOLDMOOWUL O~
“ (yr J p P e M it i 1 b g b ni it e i i DWW WOWWOLWWWLWWOmLWWLWO oo Doo
n
m o T T T = - - T T bl reals el o R ol e el e el et ol o, ot e B, i e, il
=]
_.__M._ < coococooco coocoooooco bosonceoe oo oo
=
(o]
o w w
N N
o T
=3 wk S 2
wo=Z ey (5 > =
= m=zC 5o (O]
Owo Swo < O
A @ == Z0o
75 a )

32



APPENDIX A

(=} o x e e COOXXOXTOXXrrXXOrXrOXXXO00orXr=Xo0OXXX
= - - S i COOXXrXOOXXrrXXOrXrOXXXO000X=XO03XXX
_._I_._ o — x — X X DO O XX r X rOoOX X rOoOXMXrOoOXrreXXXr-rOMXr~XoOo x>
i E © - T e COOXXOXOrXXOOXXrOXOrXXX00-XOXr=XXX
W_ mmﬂ < o x @ X e OOOXXOXOOXXOrXXOrXOOXXXOOr X=X rX XX
= Wmm ) o x O et DOOXXrXrrerXXrrXXrr-rXr-rOXXXO00OXr+XrXXX
w me © o x 5. COOXXr-rXOOXXOOXXOOXOOXXXOOOXOXOX XX
o W Qs o % o e COOXXOXOOXXOOXXOOXOOXXXOODOXOXOX XX
% 7 © & i o X X mTr XX eErXr e XX XX e X rOX XX e e X e X XXX
M =) o x o X X Ol o i i oo xsdao ol o iale il ool ol wix
@ = o x o x X ol olo X XD oo xiddals i o ol o ol ivdlia ool Sislic i x

= o x o X X COOXXOXOOXXOOXXOOXOOXXXOOOXOXOXXX

._-le_WWDJw_n—mm — X — X X Ll e A e A e U e Tl ol A ol ol A ol o D A S B A 4
ﬂ_.w.__w N3l @ oo coco OC00OO0O0O0OO0O0TOO0O~-Or0OO0+~rOr—~rX00O0O+~O0O+~0Or—~r0OO0O
WM N3 SNivis| oo o oo o oooccoooodedooosaoooxXosocaddadooo
Mm N3 LJIHS | xX o X oo 3K X e e e ineind O O Bdling Selixdive Sel i SISO B 1 el e SO e o1 3
% L oo cooo —Frrr OO0 FrOrr 00 r rrrOrrOrO0OXO0OO0OrrrrrOr-rOr-00O0O

W_vuu..., b oo o oo OO0 rrrrrrrr OO+ rOXOrOO e~~~

m.._.N._W = - o -oo OO0 rrOr0O0r~rOrr00rr-XO0Or0OO~-Or+-+r—O

o < =) o~ o - - C0O0Orr-rOrCO0rrrrOrr00rrrXrrrO0OO0O+rO ™+~
m iy S o - o~ - DOOXXrXrrXXXOoOXXrOoOXXOXrXo0OoXXr-rXXXXOo
o e b o o COOXXrXrerXXXOXXrOXXOXm=XO0OXXr™>XXXXO0
m = a o o~ ODOOXXOXOOXXXOXXOOXXOX - XOOXXOXXXXO
m i & o -~ o - - COOXX+rXrrXXXOXXr-rOXXOXrrXO0OXXr+~XXXXO
w ALIHYIO0d | § oo SO COOXXrXrrXXXOXXO0OOXXOXOX0O0OXX~XXXXO
8 NI HI[ G - - - - Frrrrrrr e e X e e e e
o % oo o oo D000 0000000000000 00CO0O 000000000 CO0O0O
W.w oo o oo COoO00D 0000000000000 0D00O00DO0O00DO00O0D00O00O0O0

A ﬁn..w oo o oo X OOO0OO0ODO0ODOOXOOXOXOoOOXOXXO0O0O0ODCoXxOoOXOXO00OO0O

m m =M= o oo XX OO0OO0OO0OODDOOXOOXOXO0OOXOXXO0O0OD0ODrOoXxOoOXOXO~O

T ﬂ oo o oo OO0 O0OODODOXOOXOXOoOOXOXXOo0oD0oDOooOoxXxoOoOxXOX00O0O

¢ o oo ocoo CO0O0OO0O00COOXrrXOXO0OOXrXXO0000O0OXOXOXO00O0

= B -o -0 0 o e e OO N OO = S = O MDD O I = N = O

31



FUN!(

3 iy oo OrrrrroOX rr X rXorXr-rXX000r-rX-XOX+rr

o o o ococo —TO0O0O000OXOOXOXO0OOXOXXO0O00O0OOXOX0OX0OCoOo

o ! - oo coco T T T r T X e XOXO0OOX r X X000 r X X XO -~
m e - o - T rr O O0OXO0OOX TrXOrXOXXrrOrr e XXX+ —
i il ) 6 -o -0 Frr X OO X X T rXOXXO e X =X OXO
m - =) oo (== =) ErErT DT moox roXoxXgoxXoxXx oo nnoXoxexer o
m % o= e - 00 b et e el il i i e il ) e s e L e B e B b )
M A%m & - o == b A ol ol ol el =T e b b il S (M b Al I i e i = 1 = U =
S ms Q -0 ~oo HrrrrOXXX XXX - XOr-rX XXX~ XOXOXOXOXO
T < it ) ~oco XrrrOOXXXXXXOXOOXXXXOOOXOXOXOXOX r—
= » 2 X X~ — XX XXX NXOrmXr=0OXXXr=XXOXXrr~r>XXXXXXXXXX
Bmm i) b =) X oo HKEHKH K e e = XXX =X X=X KO 0O XX XXX XX XXX

MS - =] X oo S s el ol o 'O 6 3 3 o) S S el oG Sl e Sdidel el nelinelivel ind el e

< X x © X oo XXXXXXOOXOOXXXOXXOXXOO0OXXXXXXXXXX

o & x - X — - OrrOrO0O0rXrOXXXrXXOXXrrrrr=Xre=Xv+~Xv+r0O

Bmw 2 X o X oo o= 0= e ot e Sl e S < e S S = T e =) (=M

28 |5 x o x oo OrOrCO0O0OXOOXXXrXXOXXO0OO0Or-XOXOXOro

< ) x o E == mTO0 000000 XOOXXX X XOXXO00O0Orr~XOXOXO0Oo

A0 |3 oo ooo COO00O000OXOOXOXO0OOXOXX000O0OOXOXOX00O

- lOMv = X XX X HKHKHXXXKXOXXOOXX XXX X O XXX XXX XXXXO XX XXX

o =8 X % DS e St o S b o G Gl S Qb b G i b i o b S b < o b e

3 WW S [ < < X< X X% bo oot < T it b b b G =Y S S R e T S b
o T g [ < X DI B S S Sl ol 30 O 3OO IS¢ ibel 3 3 3 e 5 3 S e e S o e e R e
i . e S X X X DR e Sl S e e el S 3 S el S SRS S S sk i et e Paetened (e e 3
3 b |3 X< % X X X DR e i O e S C) e e I S et S IS S S et e e R e
m 22 x o X oo XX HXNHXHXHXXHNHXOOXKXXXHXOXXrrrXXXXXOXOXX
w HP Mgl [ > X~ - XXMM HXKHXHXHNHEr e XXHXXXHXOXX = XXXX X~ XXX
< =20 =la < - X - - XXX HXHXHXXHXHXOOXXXXXHXOXXrrOXXXXXr=X XX
m lm..m > o X oo HKHXAHXHXXAAAXHXIHKX OO XXX HKXOXX X rOo X XXX XO X O XX
m >IE<0M o o oo - OO0 0000000000~ 0000000000000 0CO0OO
% o o (= B OO0 0 00O~ OO0 COO0ODO0O00O0O00CO0O 00000 0COO0OO0O

E% > X > X X L b b b 4 9P A b b 4B 4 O 4 b db db ab db db g db g 4b g S I

1230 | 5 2 D> DCUDCIE I S €D 1 )LD D Hiadiindiing 8 ki i a ik i e el el ID e e 15e 5 5

AJ30| 3 > X oo HKXHEHEHXHXHEHEHKHXHKHKHIX KKK KK XXX XXX XXX

1SNOD | & > S HKHXHEHEHXHEHEHXHEXHXHKHK KKK KKK KKK KX XK XXX

H3zo |2 < X X X X 3% 3 X M K XK XK M X M XK XK X XK B K XK XK XK X XK X XK K XK X X X K X K X

HSN3 | = 55 X X X Sy S S R I e 9 I LSS I S S D SRS SN ST P S 5 K



3| > % X X X S e AR e e b G S S e e e e e e e B
= < < X X X B S I xS S i s e e S S DD S SR D P
) D X X X X X X X X XK KK DX XK XK X XK X X X XK XK XK XXX XXX XK XX
o 1> X X X 3 X X XK XK X X X X X X X X X X X X X X X X X XX X X XX X XX
= Il X X X 315l 3¢ ) 550 5 HDE 5B I e B ey SRl a0 e O e e
2 x X X X X XX X X X X X X X X KX X X X XK X XXX XK KK KX XK XXX XXX
2 b S X X X SIS S L S B S 3 S I e S R S S S D R IS G . 3K
= 2 x X X X XX X X XK X X X X KK X X X XK XK XK XK XXX XK KKK XXX XX XXX
= = x % X X X X X X X X X X X KK X X X KK XXX KX KKK KX XX XXX XX
W
Z S X< < X X X X XK K X X XK XK KK X XK XK KKK KKK KX KKK XXX XXX XX
w 2 i X X X 33X K XK X X X XK X X X X X XK XK XK X X XX XXX XXX XXX XXX
& < < X X X >3 X K X X K X X K N XK X XK XK XK XK X XXX XK XK XK XXX XXX XXX
) X Selisch e 3 > 3¢5 eI DeI3 3B B B 35X X 3 B B K B B e i 5 0
3 < < X X X XX 33K X X X 3K X XX X X X X X X X X XX XX X XXX X XX XXX
5 b X X X X DG ¢ D) D 3D D MG Il el niing el 5 el Dl i e xe 3¢ 3l 5K ng
3 < X X< X X XX XK X X KX X XXX KX XK XK XXX XX XXX XXX XXX XXX
% > X > X X b A A e e A e A e i G G G
it o 4 g
m a Shea § g
3 8 3 8% <
5 ) D 7
m__au (Ofim] M T W o< AUWLO~NOOF O~ LCDO0O O WLO ~NMOTTWDON~OD
) m oo iy —Frrrrr e e e NN NN NN NNNNNNNOOOMOOONNNn
g =] - - FrrrrrEFFFFFFFEFEEFEFEFEFEFEFEFEEFERFEEFERF I I E I TSI -
i o
= < oo o oo 0O00000D0O00O0O0OO0OO00O0OO0ODO0OO0O0O0OO0O0O0OOOCCOOO0O0COCOO0OO0O
=
(=]
© b= =
z z
L 17}
= = > =
) W w
22 2 E Ti
63 g2, . S&c
WM WCM Wcm
=)




?
MVAVAOVA e el U e B e B il 4 XXX e X == 1 ol o B i i == B, il = B, i = B, il = S i = i €
Plx x o'x Or-O0Or-O0Or-0~X XXX+-X OrO0OrO0Or-O0~-O0O-O0Or-O+o0O~X
2o coocoocoooo X X ool algo oo oo addossace s
Rlx<=-x coocoocooocoo X XXXr-X OOr0O0OO0OO0O0O0O0O0O0OO0O0OOX
Rlxi=xa x OO0+~ r-r00 -~ X XXXr+-X OO0OrrO0OO0Orr-rO0OO0~—0O0~—r=X
Blx=xo x OO0Orr-00O -~ X XXXr+-X O0O0OrO0O0O+rO0OO0O=~r=O0O0~r—X
- =[P < coocoocooocoo X Hisdadioix 6 G000 oo 0o oo
=
< B> =<~ x oiaoreiololioiolx XXXr-X O0O0D0DO0OO0OO0O0O0O0OO0O0O0OOOX
m SIx x o x 00O~ X XXX+-X O00O0rrr-rrO0O0O0O0—r—r—r—X
m Qiliecio cooco =X XXXr+-X OO0O0COrr~+=rO0O0OO0O~—r+rr—rX
i< Siofiafoiofotololx Rixxiox ioldloolo o oo o oo ooioo X
o= x-x ofeefelioiofalic! A e R (o = i o i = i Tl = Bl =T i == Wi = e = Y = i = i
o [ptteing coococcooox XXXr-X O0O00O0O0O0O0O+rrrm—r=—rr—rX
i {peinatai s coocoocooo X XXX+~ O00000O0O0+rrr—r—r—r— X
%VAXOVA OO0 OO0 0000 X > X X o X 2 IS SIS O O X CH ) O G ] e
B|x x o x (=N ===l =1 MMM cieloo D oiclie clo oo oloio)l o
=l
@
o o
< w o W o
3 E 58 S
i = [ [} = i
o oM w D ) W OO~ ANOSTWON~DDO o
@ 2 2 DT N 4O gl = o R S S N S G e R
z @
= o
= o
= <
o]
o
> ]
€3 938
< = m =
ZQ ofw
OVT O VIVT [®]
=t ) W w22 w
00 Z 4 <00 Z -
@] < m <m
@O C < Z O C
@ o - o o+




Am2903 CONTROL FIELD

FUN

0

0
0
0
0
0
0
0
0

1
1
1

0
0
0

0
0

0
0

0
0
0
0

0
0
0
0
0
0

0

0

0

0

1

0
0

DEST.

1

1

0 0|0 O

1

1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

0

1
1
1

00
00

1

.
1
1
1
1
1
1
-
>
:
1

(=3

()= 5]

0o 1
(=1

051

(0722

1

()

1
1

0

0

1

1

1

0
0

1

1
1
1

1

0 1

SRC.

SRC.

ADDRESS | ADDRESS | ADDRESS

XEXEEX P [IXCEX OXEEXE IR C S D SN XX N

000 010 0 0 000 0 00

2E P X G DG N G NI EXE e XERXE X X

0-0:20 70|/0:70- 0= 0:[(050 -0:-020- 10 000

1
1

1

Am2904 CONTROL FIELD

INSTRUCTION

OoP

A XXX XK D00 0= S0 e 00 - 000 IR0 =08 2ORE(0E 50

XXX X X X000 050 E010° 0 200 0200 0 040

XX X X XX 00 0 50 0|00 -0° 0 [[0-E0-"0' =0 F0 =0

KX X X X o)X[E00 0 20 20 0000 20 J0F 0780 S0F 20T 080

AKX O X ROT R0 =000 R0 0 =0 (0SS (002 020

AR TX X TXIRON D0 0 S0 T0 =000 0 00 (R R0

SN o A RO e (e (E LR 00 0 (0 10 (@
XX X X R0 RO 0 0020 10T 10—0-[0 $050 (F0EED

SHIFT

OoP

O [RCEX XXX X000 F0T 0T 000t 000" "0 =0r [E0EE0)

1

1

1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1

O XX X X X X010 050010 0 0 0F0I0=0-"0

1

1

050 XX X 0RO 20 §0-E 05120500202 H0ER 05 0= 0N B ER0E =]

1

002 X X X0 R0 0020150 -0-—=070:1i0=02=0 0]

1
3
1
1
1
1
1
1
3
]
1
1
1
>

002G G DG R0 0- 0202 0:150-= 0520, =05 Z0E0== 05205

002X X XX 10 0= 030204020 200U E05E0E =0 DR

002 X X XEIXKE0 20 20-10-: 01200 0 005 0006

00 XX X XX 00010 061800 =002 00 S0AE R0 ]
005 [Xead S X X X E0:H0="0 2058001102020 503 0020780 1el

00 e X XEG 00030 20: [H0= 00 0R 08 05202 0 =1

0 O EX0 XX X =X 0:20=—010 §0.120- 0= 0: D050 =000

0= 0 [2C3X X 20 PG00 20502 0:10="0= 0= 0 080207207 5]

00 XX X XX X|-0:20- 0 [0-:0:]-0- 0 -0=0:030: 0= -0:]

0--0 | X X=X X CR[i0:0- 10 20.30:|:0-<0 - 0==04:0=0=—00:"1 =0
00 | XX XXX X]E0 00000108 0 00200 0

O 0 X X X X X010 —0210-205-0- 0" 0 05105807 =0F 20 =]E=0
0= 08¢ S X XG0E HE1E0HE0 03005120 0 0= 03 0 E0= 0010

0 0 X X X XX X|E00- 020 0020 0 000005

Q-0 X X X X X000 000020 200" (0| 0--0= -0 =0H:0--0=1

A GEXCX XX BCECEX e XX

X X|0

X OGN X X X X SX X=X XX

X X

0 =0EE050-0-0- 23X =X )G ¢[00 10020 $0::0=10=0. 02 F0-F0z=0- =0,

02052030 0: 2 0[5 ¢ =X X PO EOEE 0= 0240= 2010220220102 0EF 0IE0E=03181

0 0|0

X GRS X X DEDEIXXE 6 B0 X XD D D GG R I DE e

0 0|0
0 0|0
0 0|0
0 0|0
0 0|0
0 0|0
0 0|0
0 0|0
0 0|0
0 0|0

0 0|0
0 0|0

0F0:1:0-215 0 207Xk X XCR0:E0 =020 05 B0 =02 0F=0R s 0F0F 208 =021

0 020+

X X0 1

1
1

0j0 O)X X X X|0 0 0 00O

1

1
1
1
1
1
1
1
1

1
1
1

O 0052 X =X X 10200 0 =0:40

1

1
1
1
]
1
1
»
1
1
1

110 0|0

1
1

110 0|0

1
1
1

1
1
1
1

5
1
1
1
.

1
1
1

1
1
1
1
1
1
1
1

0
0

1

0

0]0]1
ojo1

0/0]|1
001
001

0|01

0
0

0

0]01
0|01
001
001

0|0
0fo0
0|0

ojo|1
0j0f1

0|0
0|0
0|0
0|0
00

0|0

71 70(69|68|67 66|65 64|63 62 61 60|59 58 57 56 55 54(53|52 51 50 49|48 47 46 45|44 43 42 41|40 39 38 37|36 35

0 0|0

1
1

0
0

Q=15 0207 =1

1
1
1

0
0
0

0 1]0|0|1

1

0

0 0|0|1

1
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
0
0

1
1
1
1
1
1

0
0
0
0
0
0



APPENDIX A

SHARED CONTROL FIELD
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APPENDIX B

AMDOS /29 AMDASM MICRO ASSEMBLER, V1.1

CPUII DEFINITIONS
JADVANCE MICRO DEVICES

i AM2923 AND AM29@4 DEFTINITION FILE FOR CPUII

1
jREV. OCTOZER 17, 197&

WORD 89
i ZQUATES

MEM: EQU H&F
SPF: EQU E#0
OFF: EQU B#1

72903 DESTINATION MCDIFIERS

ADE: EQU H#0
LDR: QU H#1
ADRQ:  EQU E#2
LDRQ:  EQU H#Z
RPT: EQU H#4
1DQP: . EQU E#5
QPT: QU I#6
RQPT:  EQU H#7
AUR: EJU E#8
TUR: EQU E#9
AURQ:  EQU H#A
LURQ:  EQU H#B
Y3US:  EQU H#C
LUQ: EQU E#D
SINX: EQU E#E

i CONSTANTS

R EQU ©#e
Rl: EQU H#1
Re: EQU E#2
R3: EQU BE#3
R4: QU H#4
E5: EQU EH#5S
RG: EQU E#5
BT EQU EH#&#7
Re: EQU EH#8
RG: EQU E#9
R1@: FQU H#A
Ell: EQU E#E
Riz2: EQU E#C
K13: EQU H#D
Elss EQU E#E
R15: EQU H#F

35




AMDOES /20 AMDASM MICREQ ASSIMBLER, V1.1
CPUII DEFINITIONS

72923 SOURCE MODIFIERS

RADB: EQU ZE#g0a1
RAQ: EQU 3B#01@
DARE: FQU 3B#120
DADE: EQU 3B#1e1
DAQ: EQU 3B#110

ICIN:  EQU 12H#01
BIN: EQU 12E#10
30UT:  EQU 12H#@8
LMAR:  EQU 12H#12
YREG:  EQU 12H#@2
A0UT:  EQU 12H#40
I0UT:  EQU 12H#24

;CARRY SELECT

ONZ: EQU 2B#0@1
CZ: EQU 2B#10

INITIONS

5]

ySUB DX

SURMG: SUR 26X, 1B#0,4VE,4VY,4VX

SUB1L: SUB 26X,1B#C,4VX,4VY,4VX ,4VHATF
SiRZ: SUER Z6X,1B#@,4VY,2VY ,4Y AVHEF
SUR3: SUS 3VR#00Q,16%,1E40,13X

SUR4: SUR 36X,1B#2,12X

SURS: SUE 44X,1F5#0,15%

SURB: SUE 44X,1B#2,15X%

SUE7: SUB 28X

SUzE: SUE 26X,1EB#0,4VX,RX,AVH#F
SURS: SUB 36X,1B#0,4VY,4Y,4VX,4VE#RT
SUB1#:  SU3 36X ,13#0,4VY,4VY,4X _
SUB11: SUR 24X,2VE400@,34% ,4R20200,1741,5X
SU=12: SUB 771,1RB#1,12VXH#0%

SU213: SUR SPF,3VE#00Z,1€X,1B#0,13%
SUE14: SUB 24X,2VE#00,34X,4T#0000,274#10
SUB18: SUB 23Y,1B#@,8X

SUR1E: SUE SPF,3B#200,16%,1VB#2,13X
SUB17: SUB 54X

SUB1&: SUB 22X,1B#2,7X%

§7319: SU3 16Y%,1B#7,13X%

SUR2@: SUER 1X,1VE#Z,14X

SUEZ21: SUB 39%,H#B,20X
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AMDOE /25 AMDASM MICRO ASSEMBLER, V1.1
CPUII PEFINITIONS

T\ ACK:  DEF 66X,E#9,20X

(h_/ OBF:  DEF 66X,H#A,Z0X
CNT:  DEF 66X,H#F,20X
GRD:  DEF 66X,E#8,20X
JZ: DEF SUB11,H#0,SUR20
cJS:  DEF SUB11,E#1,SUR2@
JMAP:  DEF SUB11,8#2,SUB20
cJP:  DEF SUB11,E#3,SUB20
PUSH:  DEF SUB11,E#4,SUR20
JSRP:  DEF SUB11,H#45,SUB2¢
CJV:  DEF SUBL1,E#6,SUB20
JRP:  DEF SUB11,E#7,SUR2g
RFCT:  DEF SUB11,H#8,SUB2¢
RPCT:  DEF SUB11,E#9,SUB2@
CRIN:  DEF SUB11,H#A,SUE20
CJPF:  DEF SUB11,E#B,SUB20
LDCT:  DEF SUB11,H#C,SUB2¢
LOCP:  DEF SUB11,H#D,SUE20
CONT:  DEF SUB11,E#E,SUR20
Jp: DEF SUB11,H#F,SUB2@
JSR:  TDEF SUB14,E#01,SUB20
RTN:  DET SUB14,H#GA,SUB2¢

1 STARED CONTEOL FIELD
GOTC:  DEF SUB12
. COUNT: DEF SUB12
<’ ©PUT: DEF 77X,1B#2,12VYH#OY
sPCLARITY CONTRCL

DEF B5%,1B#1,24%
DEF 63X ,1B#0,24X

txf b

72983 CONTROL/FUNCTIONS

N: DFF 3EX,1B#1,H#F,LX,Har ,B#0,19X,1B840,12X
oUT: LEF 26X ,1E#0@,8X,H#F,H#(C,H#6,SUE3
YOFFP: DEF 36X,1B#1,53X%
EIGH: DEF SUB8,H#2,33#212,SUB1Q

SRS: DEF SUB1,H#1,SUBZ
SSH: DEF SUB1,E#2,SUB3
ADD: DEF SUB1,H#3,SUBZ
PAS: LEF SUB2,H#4,SURZ
OMS: DEF SUBZ2,E#5,SUB3
PAR: DEF SUBQ,H#6,SUB3
COMR SUES,H#7,5URZ

DEF
F SUBE,E#8,3X,SUB19
F SUB1,H#Q,SUB3
'EF SUEB1,H#4,SUR3
P SURL,E#R,SUB3
F SUB1,H#C,SUBZ
F SUP1,E#D,SUBZ
? SUBL,H#F,SUB3
F SUB1,H#F,SU33

= = e
O =
Lz i
L
f= N N Bl N S

12602 SPECTAL FUNCTIONS
37
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AMDOS/29 AMDASM MICRO ASSEMBLER, V1.1
CPUII DEFINITIONS

UMUL e DEF SUB@,E#@,SUB16
TCM: DEF SUB@,H#2,SUB16
SMTC: DEF SUB1@,E#5,SUB16
TCMC: DLF SUB@,H#6,S5UB16

SLN: DEF SUB10@,H#8,SUB16
DLN: DEF SUEZ ,H#A,SUB16E
TDIV: DEF SUB@,B#C,SUB1E
TDC: DEF SUB@,H#E,SUB16
INC: DEF SUB12,H#4,SUR1E

SDQP:  DEF SUB4,H#5,4X,SUB3

SUQP: DEF SUR4,F#D,4X,SUB3

1LQPT: DEF 26X,1B#0,8X,4VX,H#6,E#6,SUR3

RMOV: DEF SUB2,H#4,SUB3

QMOV:  DEF 36X,1B##,4VX,8Y ,MEM,H#4,3B#0106,SUB19
SDRL: DEF SUB1@,H#1,H#4,SUBZ

SURL: DEF SUB1#,H#0,H#4,SUB3

;2004 SHIFT CONTEOL

SDDEH: DEF SUB7,H#3,SUBE
SDUH: DEF SUB7?,H#7,SUBS
SDDL: DEF SUB7,H#E,SUBE
SDUL: DEF SUB7,H#6,SUBS

KDD: DEF SUB7,H#F,SUBE
RDU + DEF SUB7,H#F,SUBS
$SSX0: DEF SUB7,H#E,SUB6
RSD: DEF SUB7,H#A,SUBS
RSU: DEF SUB7,H#A,SUBS
SUL: DEF SUB7,H4#2,SUB5
SUT: DEF SUB7,H#3,SUBS
SDL: DEF SUB7,H#@,SUB6
SDH: DEF SUB7,E#1,SUB6
spvMS:  DEF SUB7,H#5,SUBE
SMS s DEF SUR7,H#2,SUR6

SDDC: DEF SUB7,H#7,SUB6E
SDUC: DEF SUB7,H#4,5UBS

;2004 MICRC INSTRUCTICN CODES
RSTI: DEF 3@X,6R#000€11,SURLY

SWAP: DEF 3 X,6B#00@01¢,SUB17
SHLD: EQU 1B#1

;2004 MACEINE INSTRUCTION CODES
LMA: DEF SUB15,6B#00000@,SUBLY

RSTA: DEF SUB15,6B#0202¢11,SUE17
SEOLD: DEF 23X,1B#0,66X

; 29¢4 MICRO STATUS SELECT
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AMDOS/29 AMDASY MICRO ASSEMBLER, V1.1

CPUIT DEFINITICNS

MIZ: DEF SUB18,6B3#0101€0,5UB21
MIO: DEF SUB1E&,6B#@1011@,SUB21
MIC: DEF SUB1&,6E#011€18,SUB21
MIS: DEF SUB18,6B5#@1111@,5U3B21

52984 MACHINE STATUS SELECT

MAZ: DEF SUB18,EB#120102,5UB21
MAO: DEF SUB16,6B#10@114@,S5UB21
MAG: DEF SUB1&,6B#1¢1@81¢,SUB21
MAS: DEF¥ SUB18,6B#1¢111@,SUR21

yDEVICE DISABLE

ALUCFF: DEF 7 X,1B#1,13X

ALLOFF: LEF 7 X,3B#111,13X

yLOAD CONSTANT

CONST: DEF 1€ VXHE#0%,4X,1R#@,69X
;BCD STATUS REGISTER CONTROL
ENR: DEF 1€X,1B#@,72X

CLSR2: DEF 17X,1B#8,72X

ENSR1: DEF 18X,1B#1,71X
CZERG: DEF 19X,1EB#0,70X

END
TCTAL PHASE 1 ERRORS = @
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£16@
eige
2101
2122
2102

£li4d
€145
vlee
4187
C1gE

Zlos

2184
Z12E
21¢C
414D
Glek
¢ler
2114

€111
11z
d112
¢114
€115
g11¢
€117
Zlle

211¢
2114
Z11E
£211¢C
211D
211k
B11F
2126
4121
2122
Cl2&
2124
glzz
¢lze
g1z
glze
@123
J124
¢l12E
€12C
912D
Z12E
G12F
2132

s ADVANCE

MICrC LEVICES

i AMECZEZ AND AMZS24 CPUITI ECURCE FILE

InNP:

USM:

SMe

DIV:

LOOF1:

SCALEL:

LCCP2:
SKIPE:

SKIPS:

CR: Exled

ALUCFF & T & CBF & CJP & GCTC INE
ALUCFY & PUSE

IN & T & OBRF & LOCP & PUT ICIN
ALUCFF & RTN

CUT & CONT & PUT YREG

ALUCFF & PUSH

ALUCFF & F & ACK & LOOP & PUT IOUT
ALJCYF & PUSH

ALUCFF & T & ACK & LQOP

ALUOFF & RTN

LOW R1 & JSR & GCTO INP

PAE RE,R15 & JSE & GOTO INP

LQPT R15 & F & GRD & PUSH & COUNT g#&E
UMUL R1,R1,R2 & F & CNT & SDDL & RFCT
PAR K15,R1 & JSR & GOTO QUTP

JMOV R15 & JSR & GOTO OUTP

JP & GCTC USM

LO¥W k1 & JSk & GOTO INP

PAR R€,R15 & JSE & GOTC INP

LUPT R15 & ¥ & GRD & PUSH & CCUNT 2€D
TCM R1,R1,k€ & F & CNT & SDDL & REFCT
TC¥C R1,R1,R€ & SDDL & CCNT CZ

PAR R15,R1 & JSR & GOGTC QUTP

MOV R15 & JSR & GOTO QUTP

ALUCFF & JP & GCTO 5S¢

LOW R1¢ & JSK & GOTC INP

PAR K7,E15 & JSR & GOTC INP

PAR R1,R15 & JSR & GOTC INP

PAR R4,R15 & CGRNT

FAR R&,R7 & CONT

PAR EK2,R1 & T & MIZ & CJP & GOTQ ABCRT
SMTC k2,R2 & COMT CZ

SMTC R3,R2 & T & MIC & CJP CZ & GOTC GSCALEL

ALUCFF & T & MIO & CJP & GOTOC SEIP6
SURL R3,R3 & SUL & CONT

SURL R2,R2 & SUL & CONT

ALJUGFF & JP & GOTO LCOP2

LQPT R4 & JSE & GOTO SDIVD

ALUOFF & JP LCCP1

SS®R R15,R3,R2,YBUS & CONT ONE

LQPT R4 & F & MIC & CJP & GOTO S4lIP3
ALUCFF & JSR & GOTC SDIVD

SDRL R2,RZ2 & SDL & CONT

ALUQFF & JP & GOTG LOOP2

ALUCFF & F & GRD & LDCT & COUNT 2&C
DLN R1,R1,R7 & T & GRD & RDU & PUSH

TDIV K1,R1,R7 & F & CNT & RDU & RFCT CZ

TDC R1,R1,R7 & SUH & CONT CZ
QMOV R15 & JSR & GOTC CUTP

40
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( ) 2131 PAR R15,R1 & JSR & GOTC CUTP
gl1iz ALUCFF & JP & GOTC DIV
2133 SDIVD: ©PAR R1,R1 & CONT
2134 ALUOFF & T & MIS & CJP & GOTC NEG
G125 PAR K1,R1,ADRQ & SDDL & CONT
J13€E ALUCFF & JP & GOTC RET

2127 NEG: PAR H1,K1,ADRQ & SDLL & CONT
¢1Z2 RET: MOV R4 & CONT

2130 PAR R13,R14 & RTN ONE
2134 SLNOEM: JSE & GOTO INF
Z1ZB LQPT R15 & CONT
#13C SLN K2,R2,CF¥ & CCNT & SHCLD
213D MAZ & T & CJP & GOTO AROQET
Z13% MAC & T & LOW RE & CJP & GOTO ENT
213F SLN K2,R2 & MAC & T & CJP ONE & GCTC END & SUL
2142 AGAIN: SIN E2,R2 & MIO & F & CJP ONF & GOTC AGAIN & SUL
gisi SDQIP & SMS & CONT
Pléec SRS RZ,R2,R¢4 & CONT
7143 IMOV K15 & JSE & J0TC QUTP
glés FAR R15,R2 & JSR §& GOTC QUTPE
2145 END- JP & GCTC SLNGRM
#14€ I'LNCRM: JSE & S0TC INF
_ 147 LJPT R15 & JSR & GOTGC INE
£ §148 DLN R15,R15,R15,CFF & CONT & SEOLD
W~ ¢14¢ MAZ & T & CJP & 30T0 ABCHT
El4h LOW R2 & MAC & T & CJP & 30TC ENIDZ
14F DLN R15,R15,R15 & SDUL & MAOQ & T & CJF & GUTC JUMEL
z14C 10CP4: TIN R15,kK15,715 & SDUL & MIO & 7 & CJF & ZCTC JUMEL
Z1<D PAR R2,RZ & JP CNE & 30TC LOCP4
214F JUMPl: PAR R2,RZ & CCNT ONE
F1a¥ SLAQ R1%5,R15 & SDMS & JSE & <UTC CUTE
£15¢ QMOV R15 & JSR & GOTC oUTPp

¥151 BNDZ: JP & GCTC DLNCRM

€152 SQRT:  LGW K12 & CONT

Ylac LOW RZ & JSR & GOTC INP
¢154 PAR R1,R15 & CONT
Z15z PAX h2,EZ,,TARB & CCNST 20€5 & CONT
¢12€ FAR R&,RE,,LARB S CONST 2¥d2 & CJONT
2157 FAR ®4&,R2,,DARE & CCNST F4BHFF & CONT
K158 PAR E3,KZ,,LAEb & CONST 4g¢9 & CONT
¥l5e FAR RE,RJ,,DARB & CONST 2248 & CONT
¢104 SRS RZ,R1,R5 & CONT & SHCLD
2138 CYCLE: AAND R3,R3,R« & CONT
J15¢C SDRL n4,RB4 & MAS & CJP & GOTC ENDE
2150 SURL R@,E¥ & T & MAS & CJP & GCTO PGS
¢10k CR R5,R3 & JP & GCTO CNT
415F POS: CR R5,RZ & CONT

<, Z1EZ CNT: SHES EE,RE,R12 & CONT

( | <181 STCRL Re2,R2 & T & MIZ A GJP ,SHLD & GCTO ENDOS
2162 SDEL E3,R® & T & MAS & CJP & GCTC SUE
C1eE ATD RZ,R¢,R5 & JP & GOTO CYCLL & SHAOLL
218« SUB: SRS RE,RZ,R5> & JP & GOTC CYCLE & SEOLD
4165 END3: JP & GCTC SGRT

(:ji
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£1€€ ABCKT: ALUOFF & JP & GCTO ABORT
2187 JP & GCTO DIV

END
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Am2903 MNEMONICS

Iz FUNCTION
RAMB RAM B — OUTPUT
Q Q REGISTER
SPF SPECIAL FUNCTIONS

ALU Functions

¢

SPF Special Functions
HIGH Fi = HIGH HIGHS
SRS Subtract R from S S-R-1+C,
SSR Subtract S from R R-=S-1+0C,
ADD Add Rand S R+S+C,
PAS Pass S S+ C,
COMS 2's Complement S S+ C,
PAR Pass R R+ C,
COMR 2's Complement R R+ Cp
LOW Fi = LOW LOW'S
CRAS Complement B AND with S RAS
XNRS Exclusive NOR R with S RVS
XOR Exclusive OR R with S RVS
AND AND R with S RAS
NOR NOR R with S RVS
NAND NAND R with S RAS
OR OR R with S RVS
ALU Destination Control
ADR Arithmetic Shift Down, Results Into RAM
LDR Logical Shift Down, Results Into RAM
ADRQ Arithmetic Shift Down, Results Into RAM and Q Register
LDRQ Logical Shift Down, Results Into RAM and Q Register
RPT Resuilts Into RAM, Generate Parity
* LDQP Logical Shift Down Contents of Q Register, Generate Parity
* QPT Results Into Q Register, Generate Parity
RQPT Results Into RAM and Q Register, Generate Parity
AUR Arithmetic Shift Up, Results Into RAM
LUR Logical Shift Up, Results Into RAM
AURQ Arithmetic Shift Up, Results Into RAM and Q Register
LURQ Arithmetic Shift Up, Results Into RAM and Q Register
* YBUS Results to Y BUS Only
* LuUQ Logical Shift Up the Contents of the Q Register
SINX Sign Extend
REG Results to RAM, Sign Extend
* = WRITE = H
Special Functions
UMUL Unsigned Multiply
TCM Two’s Complement Multiply
INC Increment by One or Two
SMTC Sign Magnitude <— Two's Complement
TCMC Two’'s Complement Multiply Last Step
SLN Single Length Normalize
DLN Double Length Normalize
TDON Two's Complement Multiply Division
TDC Two Complement Division Correction
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Am2904 Mnemonics

SHIFT
INSTRUCTIONS
Loaded
lo lg Ig kb g Mc  RAM Q slo, slo, QI0, | QI0; |jnto Mc
MSB LSB MSB LSB
SDL 0 0 0 0 0 Oo{—=Fo0{—F z 0 z 0
SUH |0 0 0 0 1 O 1~-=31-—13 Z 1 z 1
SuL 10 0 1 0 0 -[=Jo0o-[=10| O z 0 z
SUH 1 0 0 1 1 O -[=F1{=1+1| 1 z 1 z
SDDH| 0 o0 o0 1 1 mE — ] z 1 z Sl0,
sboL |0 O 1 1 0 Oo{—F———1 z 0 z SIO,
souL | 1 0 1 i 0 O -] o| QIO, z 0 z
SDUH| 1 o 1 1 1 0O -=1}F—_{=11] o, z 1 z
RSD 6 1% 0 -0 O -l " z SIO, z QIo,
RSU 1+ 1 0 1 0 =l EJ " Slo, z Qlo, z
Is®loyR
SSXO [-0% 41 8m A O Z |In®lovr| Z S10,
.
ROD |0 1 1 1 A1 O z QIo, z SIO,
*
Rou [ 1 1 1 1t 1| O Qlo, z SIO,, z
sbMsS| 0 0 1 0 1 0O Mﬁ-EI—-{EI— z My z SIo,
sMs [0 o 0o 1 0 T 0 z | My | SiO,
sooc| o o 1 1 1] Qo = z 0 z | sio, | ao,
spuc| 1 o 1 0 O J—_—1+—{—10| Qio, z 0 z SIO,
Microstatus Register Instruction Codes Microregister Condition Code Output (CT)
RSTI Reset uSR 0 = py MIZ Zero wz = Cy
SWAP Register Swap My = py MIO Overflow wove = Ct
SHLD Hold Status MIC Carry pwe —+ Cr
MIS Sign uy = Cr

Machine Status Register Instruction Codes

LMA

RSTA
SHOLD

Load Yz, Yc, YN‘ YO\."F( YX b Mx
To MSR

Reset MSR 0 = My
Hold Status

Machine Register Condition Code Output (CT)

MAZ Zero Mz = Cy
MAQO Overflow Moyg = Cr
MAC Carry Mec = Cr
MAS Sign My —= Cy
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MICROPROGRAM BITS
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Q0 ¥3 ¥z Y1

Do
CcP

OE
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Q3 gz @

D3 D2 D1 DO

D3 Dz D1

Am2918

Am29E

G0 ¥3 Y2 Y1

Q3 Q2 @1

Q20 Y3 ¥z Y1
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—— CLOCK
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TEST INPUTS
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DATA BUS
| 2 =] 2| 2] =
| 8| a| & 8] 8
D5 D4 D3 D2 D1 DO
CP — cLOCK
Am25LS37TT
ok Jo— pL25
25 04 Q3 G2 Q1 QO
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TS5t csi Cs1
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e
4
D3 D2 DI DO s0 D3 D2 D1 DO s0 D3 Dz D1 DO =
s1 81 R1
FE FE A2
FUP PUP R
Cn Cnid cn Cn:4 caf—t
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cP CcP
oR3 —
OR2 |——
e AE OR1 ——
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APPENDIX C

MICROPR(

Yal
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AD A1 A2 A3 A4 AS A6 AT AB

AB AT A6 A5 A4 A3 A2 A1 AD

AD A1 A2 A3 A4 A5 AB AT AB
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iRAM MEMORY
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APPENDIX C
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