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1. Introduction.

1.1. Overview.

This study continues along the same vein as the work reported by Mulder and Tick
[1}, which compared the relative performance of the general purpose MC68020 available
from Motorola and the special purpose PLM developed at U.C. Berkeley [2.3]. with
respect to the execution of Prolog programs. Both engines are based on the Warren
Abstract Machine; the PLM directly executes WAM constructs and the MC68020 exe-

cutes a 68020 image that was generated by macroexpanding each WAM construct.

The study reported here compares a more recent Prolog processor. the Berkeley
VLSI-PLM with the Motorola MC68020 across fourteen Prolog benchmarks. Comparis-
ons were made for 10 MHz and 16.7 MHz versions of the VLSI-PLM on the one band.
versus 10 MHz, 12 MHz, 18.7 MHz, 25 MHz, 30 MHz, and 40 MHz versions of the
MC88020. The comparisons reflect the timing information in the MC6R8020 User's
Manual [4] which identifies three levels of performance, depending on whether instruc-
tions can overlap their execution, whether instruction accesses hit in the small on-chip

instruction cache, or neither.



1.2. Objectives.

We have performed this study for several reasons. First, our long-term objectives
are to understand the relative performance opportunities as well as the relative
cost/performance benefits associated with various implementations of Prolog. Toward
that end, a natural experiment is to compare a tailored special purpose Prolog processor

to an off-the-shelf general purpose part.

Second, the recent study referred to above [1], which compared the Berkeley PLM
and the general purpose MC68020, raised certain concerns which have compelled us to
continue this comparison. For example, Mulder ana Tick relied on a significance method
for comparing performance. We felt that the additional work encountered in translating
all 45 PLM constructs to MC68020 machine instructions, rather than the fourteen they
translated, would produce more meaningful results. Also, their comparison involved only
three benchmarks. We felt that the comparison would be improved if the benchmark sét
were expanded. While we still need to work on developing a proper set of benchmarks,
we did expand the set used from three to fourteen. Most important, Mulder and Tick
relied on their Lcode architecture model and their extensions to the Berkeley PLM com-
piler for obtaining measurements for the Berkeley PLM. In the case of the architecture
model, there are substantial differences between the Lcode architecture and the PLM. In
the case of the compiler, the techniques used in some instances were quite different. Since
we have available the Berkeley PLM compiler [5] and the various Berkeley PLM simula-
tors [8,7], we were able to more accurately simulate the benchmark set on our special
purpose processors.

Finally, our research in Prolog microarchitecture bas reached the p;oint where we
have designed our first single chip implementation, the VLSI-PLM, and it seems
appropriate to compare its performance with that of a single chip general purpose pro-

cessor.



1.3. Organization of this report.

This report is organized into five sections and two appendices. Section 2 describes
the mapping between the requirements of the Warren Abstract Machine and its imple-
mentation with the MC88020. Our mapping is slightly different from the one given in
[1). Section 3 describes the methodology used to compare the two implementations, and
reports the results of the comparison. Various problems endemic to this comparison
method are discussed. In section 4, we ﬁnalyze these results and offer a pumber of obser-
vations. In section 5, we summarize the results of this study. Appendix A contains the
MC68020 machine language emulation for each of the 45 PLM instructions, along with
the corresponding timing .information. Appendix B contains the five tables which report

the detailed comparison data described in Section 3.

2. Mapping the Warren Abstract Machine onto the MC88020.

Before we could execute WAM code on the MC688020, we needed to identify each of
the abstract WAM instructions in the context of real MC68020 instructions. We per-
formed this mapping with the goal of making the MC688020 an effective Prolog processor,

removing unnecessary bottlenecks where they presented themselves.

Figure 1 shows the mapping of the WAM registers into the MC62020. Since the
pumber of programmer visible registers in the PLM is more than that available in the
MC688020, we were forced to put some PLM registers into memory for the MC68020.
Because the MC88020 requires at least three cycles for a memory access, we tried to
assign the least frequently used registers to memory. We also eliminated some PLM
registers by slightly changing the WAM definition, if this were advantageous to the

MC688020. These changes are listed below in detail.

1. We eliminated the HB register, since the net eflect of keeping it in memory would
have been the same as accessing it through the B register, which points to the
choice point frame containing HB.

9. According to both Dobry [6] and Mulder and Tick [1], the gain obtained from

epvironment trimming is negligible. The execution model in {1] does not implement
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it; we decided not to implement it either.t In order to achieve this, we changed the
semantics of the allocate instruction so that it has an argument indicating how
much space is to be allocated for the environment. In addition, this eliminated the
peed for the N register which contained the pumber of permanent variables needed
after returning from a call. We also changed the addressing mechanism for the per-
manent variables to a negative offset from the environment pointer instead of a
positive offset. The semantics of allocate N require that the top of the stack be
incremented by N with the top four locations dedicated for E, CP, B and cut-flag.
Permanent variables are located below these four locations. Note that the variable

pumber starts at Y4 instead of YO.

3. We assigned separate unify instructions for read and write modes. This eliminated
the need for a register and a comparison at run time to test the mode. This tech-
nique is based on the fact that once unification proceeds in the write mode, the fol-
lowing unifications are all in the write mode. This required some changes in the
compiler, but we feel the changes are minor and will not result in a significantly

larger code size.

4 We used the two least significant bits in a data word as the primary tag to distin-
guish among reference, constant, list and structure; see figure 2. The next two
least significant bits are used as the secondary tag to distinguish between integer,
atom, and other data types. Note we bave used a tagging scheme different from
the one used for the PLM in order to speed up tests for integers and dereferencing.
We used the most significant bit as the cdr bit for cdr-compressed list representa-

tion.

{ By eliminating environment trimming, we improve the performance of the MC68020. However,
this improvement represents a savings of fewer than 195 of the total cycles needed to execute the
benchmarks.



3. Experimental Methodology.

3.1. Basic Measurements.

Our objective was to compare the performance of a special purpose processor (the
VLSI-PLM) with that of a general purpose processor (MC68020) on a set of Prolog
benchmarks. First, using our Prolog compiler {5}, we compiled all benchmarks into
modified WAM (i.e., PLM) code. For the MC88020, we then macro-expanded all PLM
4 instructions and escapes into MCB8020 machine code. We attempted only limited
optimization for the resulting 88020 instructions. For the VLSI-PLM, PLM instructions
execute directly in microcode, while those escapes needed by the benchmarks (with the
exception of mod and div) generate call instructions to library routines which themselves

are made up of VLSI-PLM instructions.

We used the VLSI-PLM simulator [7,8] to obtain the frequencies of each PLM
instruction, as well as the frequencies of failure, dereference, trail, and decdr. For each

PLM instruction, we also obtained the frequencies of different execution paths.

We used the Motorola User's Manual [4] to generate a timing table consisting of the
number of MCB8020 cycles required to execute each PLM instruction, according to best,
cache and worst case situations for executing each MCB8020 instruction. These three
situations correspond, respectively, to whether both MC68020 instruction overlap is pos-
sible and the instruction access hits in the 256 byte on-chip instruction cache, whether
instruction overlap is not possible but the instruction access hits in the on-chip cache, or
* whether npeither is possible. Appendix A contains this cycle count information. Since
the execution time of some PLM instructions is very data dependent, we also included

separate entries for each subcase.

To calculate the number of cycles the MC68020 would take to execute each bench-
mark program, we multiplied the occurrence of each PLM instruction by its correspond-
ing entry in the timing table. The pumber of cycles the VLSI-PLM would take to exe-
cute each benchmark was obtained by running the benchmark on the VLSI-PLM simula-

tor.
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Table 1 (see Appendix B) reports the ratio of machine cycles required by the
MC68020 and by the PLM to execute each of the fourteen benchmarks. Three entries
are reported for each benchmark, reflecting the best case, cache case, and worst case
described above. We also included in Table 1, for comparison purposes, the cycle counts

for the three benchmarks reported in [1].

To calculate execution times for the VLSI-PLM and for the MCB88020 chip, we
assumed cycle times as follows: For the VLSI-PLM, we assumed two clock rates, 10 MH:z
and 16.7 Mhz. For the MC68020, we assumed clock rates of 10 Mhz, 18.7 Mhz, 25 Mhz,
30 Mhz and 40 Mhz. We assumed that the memory system could respond within one
cycle for the PLM and within three cycles for the MC88020, since the MC88020 requires

at least three cycles for a memory access.

Table 2 shows the relative performance (i.e., the reciprocal of execution time) of the
various frequency MC68020s, pormalized to the 10 MHz PLM. Table 3 shows the
equivalent relative j)erformance of the various frequency MC68020s, normalized to the
16.7 MHz PLM. Table 3 has been included in this report, because our current under-
standing of microarchitecture for Prolog (c.f., section 4.1) makes a 16.7 MHz PLM not a

difficult challenge.

3.2. Calibration.

The calculations reported in Tables 2 and 3 describe very different levels of perfor-
mance for the MC68020, depending on which of the three cases (best, cache, or worst)
we choose to believe is most nearly correct. To calibrate our calculated data, we ran
several of the benchmarks on a SUN 3/260, operating essentially stand-alone, with a
very large cache. Assuming a 100% cache hit ratio, and po wasted cycles due to
memory delays, the measured data on the SUN 3/260 should correspond very pearly to
the calculated results. Table 4 reports the calculated cycles vs. the real cycles for six of
the benchmarks. It appears that the real execution time is somewhere between the

cache case and the worst case.
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4. Analysis of the Results, and some Observations.

4.1. Microarchitectures for Prolog.

The VLSI-PLM rebresents one implementation in a sequence of designs, not the
end result. That is, although the results of Tables 2 and 3 are quite respectable, it is
important to keep in mind that the VLSI-PLM in no way sets a limit on the perfor-

mance that can be obtained with special purpose Prolog processors.

Our first impl_ementation, the Berkeley PLM, was designed in 1983 and 1984 [2,3].
As our work bas progressed, our understanding of Prolog has increased. This increased
understanding is reflected in the VLSI-PLM, for example, with respect to the execution
of built-ins, that is, as library routines consisting of instructions from the base PLM
machipe. This technique, sometimes referred to as "millicode,” is the mechanism Digital
Equipment Corporation used to implement the full VAX architecture on the microVAX
Il chip.

Furthermore, already in the pipe is one of our current designs, PUP (parallel
unification of Prolog), which achieves (based on a full register transfer level simulator
written in N2) about twice the performance of the VLSI-PLM by concurrently process-

ing WAM instructions by means of multiple function units [9].

Fipally, two other things should improve the performance of a single chip Prolog
processor relative to a general purpose MC68020: tuning the VLSI circuitry and tuning
the microarchitecture. With respect to circuits, as advanced VLSI technology becomes
more readily available, the wide disparity between the degree to which one can tune a
special purpose circuit and the degree to which one can tune a high performance general
purpose part should diminish. With respect to microarchitecture, the VLSI-PLM has
not yet been aggressively pipelined. Continued attention to critical path design should
produce an improved cycle time. The 16.7 MHz clock suggested in Table 3 is a reflection

of that.
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4.2. Degradation due to unoptimized MC88020 code.

We were concerned, in fairness to advocates of ofl-the-shelf hardware, coupled usu-
ally with a reliance on optimizing compilers, that our MC68020 target machine code does
in fact suffer from a fairly pedestrian hand-compilation from Prolog via WAM intermedi-
ate code. We see a developing industry, represented by Quintus and BIM, for example,
which suggests that optimal execution of Prolog on off-the-shelf processors will bave the

advantage of heavily optimized compilations.

To measure the degradation due to our straightforward macro expansion, we tested
six of the benchmarks on our Tower workstation (a 16.7 MH:z 68020). We compared the
pumber of cycles required by our macroexpansion method with the pumber of cycles
required by the Quintus system (release 1.5, running under UTS V). Table 4 shows the
number of cycles required to execute each of six Prolog benchmarks by the two methods.
Over the six benchmarks, the Quintus system outperformed the macroexpanded version
on five of them. We are not drawing any strong conclusions on this little data other than

to say that it appears our macroexpanded code does not seriously skew our comparisons.

4.3. Code Explosion.

Another concern that should not be minimized in any comparative study of special
purpose vs. general purpose processors is the code explosion problem. In most cases, we
have found that compiling to a lower level architectural interface results in a significant
increase in the code size [10]. Table 5 shows the relative code sizes of the PLM and the
macro expanded MCB8020 over eight of the 14 benchmarks. This code explosion, more
than 15 to 1 in many cases, does degrade performance with respect to memory
bandwidth and cache hit ratio. The simplistic answer of a larger cache is unacceptable
since it is a fact that larger caches are slower caches. Although the benchmarks of this
study fit well within the limits of the cache, Prolog applications of the future will not be

able to.
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4.4. The Significance Method.uled by Mulder and Tick.

We were concerned that the significance method used by Mulder and Tick could
bave created the appearance of convergence, when in reality, the "next” non-
implemented PLM construct would have caused divergence. This certainly could have
been the case. It turned out, however, that the results obtained by carrying out the
macroexpansions for all 45 PLM constructs mirrored those obtained by stopping after
the first 14. The frst entries in Table 1 show the results for the benchmarks chat and
boyer obtained via the significance method (Mulder-Tick) and via macroex panding all 45
constructs (Patt-Chen). The diflerence in the numbers reported in Table 1 are more
likely to be due to differences between the two exection models (i.e., plm1 vs. VLSI-

PLM), rather than due to any differences resulting from the significance method.

4.5. Best, Cache, and Worst Cases.

The Motorola User's Manual gives timing information for the following situations.
The beast case is when the instruction is in the on-chip instruction cache and maximum
overlap is achieved. The cache case is when the instruction is in the cache but there is
minimum overlap between instructions. The worst case is when the instruction is not in
the cache and there is no overlap between instructions. We summed all cycles according
to the three cases. For the best case, we can safely conclude that it is a very optimistic
upper bound on performance, not something that is really achievable. For example, the
code sequence to macroexpand the switch_on_tag routine (reproduced as figure 3) which
forms the core of the switch instructions yields a best case of eight cycles. However, a
small fne-tuned measurement demonstrated that it can not execute in less than 28
cycles.

More importantly, recall the data of Table 4. We conclude that the real perfor-
mance of the MC68020 is probably somewhere between the cache case and the worst

case, rather than close to the best case.
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4.8. Memory Cycle Differences.

The basic memory access protocols for the MC68020 and the PLM are different.
The PLM is designed with a cache system and # write buffer, enabling the memory sys-
tem to respond in one cycle. The MC68020, on the other hand, uses at least 3 cycles for
a memory access. This difference between memory access protocols for the MC88020 and
the PLM is very important to the relative performance of the two machines for the fol-
lowing reason. First, since the MC68020 code size is much greater, and its on-chip cache
consists of only 256 bytes, it needs to make a lot more instruction fetches than the PLM.
Also, like most Al software, Prolog programs tend to be memory intensive (i.e., more
than three data accesses per PLM instruction is not uncommon). Both situations result
in the MC68020 spending much more time in memory accesses due to its three-cycle pro-

tocol.

4.7. Cdr-compressed List Representation.

The use of cdr-compressed list representation has received substantial treatment in
the Prolog literature. The VLSI-PLM uses it and has hardware support for checking the
cdr bit. The MC68020 has no such hardware support, and so incurs a penalty each time
it needs to check the cdr bit. Dobry [2] observed that lists tend to be non-contiguous
after some manipulation. For such lists, the VLSI-PLM suffers little penalty compared
with the cdr-compressed case. Onbe can argue legitimately that the wuse of
cdr-compressed lists unfairly penalizes the MC68020. On the other hand,
cdr-compressed lists save memory accesses, and as we have already discussed, this is a
major bottleneck in MC88020 performance. Op balance, the use of cdr-compressed lists
probably hurts the MC688020, although how much so is not clear. The ‘ext'ra memory
access is coupled with simpler (smaller in size and fewer branches) instructions. In this
study, we elected to use the cdr-compressed list representation to maintain comnsistency
across the Prolog benchmarks, although we recognize that by so doing, we may have
penalized the MC88020 unfairly — estimated to be as much as 105 in the case of the

chat benchmark, around 5% in the case of boyer.
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4.8. Hardware Support for Tags.

The VLSI-PLM has an advantage over the MC68020 for instructions involving tag
manipulation, for example, dereference and general unification. This is mainly due to
three factors: (1) The PLM has a powerful multiway branch mechanism based on tags.
(2) The PLM can do tag manipulation on programmer invisible registers. (3) The
MC688020 suffers from the separation of its address and data registers, i.e., the data
registers can not be used to address mémory directly and the address registers can not
be used for tag manipulation.

However, the PLM does not bave as great an advantage for instructions which do
not require tag manipulation. These instructions include those which manipulate choice
points, put instructions, and write-mode unification instructions. Unfortunately for the
PLM, these instructions occur almost as frequently as those that require tag manipula-
tion. For example, for the relational operator built-ins, when the PLM has to go off-chip
and it can not utilize its tag manipulation capability, the VLSI-PLM needs 54 cycles
while the MCB88020 needs 17 cycles in the best case, 78 cycles in the cache case, and 99
cycles in the worst case. At best, this produces a cycle count advantage for the VLSI-

PLMof 1.8 to 1.

5. Concluding Remarks.

This report has attempted to continue along the same vein as the work of Mulder
and Tick [1] and furtber compare the performance of a special purpose processor and a
general purpose processor with respect to the exc'cution of Prolog benchmarks. For the
general purpose processor, we continued with Mulder and Tick's choice of the MC688020.
For the special purpose processor, we chose our most recent implementation, the VLSI-
PLM, which is currently in fabrication.

A fair comparison is fraught with obstacles. There is no existing VLSI-PLM sys-
tem, so we can not simply run the benchmarks on both systems. On the other hand, we
do not have a comprehensive MC68020 simulator so we can not simply count sanitized

cycles in both cases.
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Our method was to first compile Prolog benchmarks to modified WAM code. After
that, in one case we executed the WAM code on the VLSI-PLM simulator provided by
[7), and in the other case, macroexpanded the WAM code into MC68020 code and
counted the number of cycles it would take to execute. To calibrate the 68020 calcula-
tions, six of the 14 benchmarks were executed on a very lightly loaded SUN 3/260 sys-
tem containing enough cache memory (64 KB) to reasonably guarantee there would be

no wait states waiting for memory.

Although several problems with this study exist, some general statements are possi-
ble as delineated in section 4. The most relevant performance figures are those con-
tained in Table 3, which assumes a 16.7 MHz VLSI-PLM. If we assume approximately
worst case 68020 behavior, suggested by Table 4, and a 30 MHz 68020, we see about a
factor of between three and four in performance in favor of the VLSI-PLM. If we add to
this an improved VLSI technology implementation and the eflects of significant code
explosion (15 to 1 not uncommon, see Table 5), the performance ratio can be even

greater.
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Figure 1. Register Mapping between PLM and MC068020

MC68020 Function PLM

A2 Chosce Point Pointer B

A3 Environment Pointer E

Ad Heap Pointer H

Ab Structure Pointer S

A6 (MP) Memory State Overflow Pointer No PLM equivalence
A7 Push-down List Pointer PDL
D2-D7 Argument Register 0 to 5 AD-AS
D2-D7 Temporary Register 0 to 5 X0-X5
Memory Yo_offset(E) Permanent Vanable n Yo
Memory TR_offset(MP) Top of Trail Stack TR
Memory CP_ofiset(MP) Continuation Pointer CP
Memory X6_ofiset(MP) Argument Register 6 AS
Memory X7_offset(MP) Argument Register 7 A7

Memory X6_oflset(MP) Temporary Register 6 A6

Memory X7_offset{MP) Temporary Register 7 AT

memory CUT _offset(MP)  cut-flag cut in PLM
memory H2_offset(MP) For set/access H2

Do,D1
A0 Al

Scratch Data Registers
Scratch Address Registers

No PLM Equivalence
No PLM Equivalenﬂ
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Figure 2. Data Encoding Format for MC68020

31 30 4a 3 2 1.0
T T
edr dats steg ptag
ptag 00 reference type
data and stag together form a 20 bit pointer
01 list type
data and stag together form a 26 bit pointer
10 constant type
data is interpreted according to siag
11 siructure type
data and stag logether form & 20 bit pointer
stag 00 the data is an integer
10 the dala is an siom
11 the dala is neither an integer nor an aiom
edr 0 the dats is cdr-compressed

the data is no! cdr-compressed. data and the stag form a 29 bit pointer
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Figure 3. switch_tag Macro and Timing

switch_tag Dx

input: Dx, Jumplist
output:
function: Dx should be dereferenced.

goto appropriate address according to datatype of Dx
Instruction best cache worst
switch_tags:
moves Dx,A0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
and.w #3,Dx 0+0 (0/0/0) 242 (0/0/0)  3+3(0/2/0)
exg Dx,A0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
movea Jumplist{ PC,A0), A0 4 (1/0/0) 0 (1/0/0) 11 (1/2/0)
jmp (Jumplist,PC,A0) 1+3 (0/0/0) 446 (0/0/0) 7+86 (0/2/0)
Jumplist:
$var (00)
_$list (01)
_$const (10}
$struct (11)

cycles 8 (0) 27 (0) 38 (8)
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Appendix A. Macroexpanded WAM Constructs and Timing Information.

A.1 Macro Expansions

trail Dx, Ax

input: Dx - address to be trailed with cdr-bit
Ax - address to be trailed with cdr-bit cleared

output:

temp: AD

function: Dx may bave cdr bit set, Botb Dx and Ax bave address to be
trailed

Instruction best cache worst

trail

exg Dx Ax 0{0/0/0) 2 (0/0/0) 3(0/1/0)

cmp.! #stackbase Dx 0+0(0/0/0) 2+4(0/0/0) 3+5 (0/2/0)

bge 1 1/3 4/6 5/9

cmp B.Dx 0 (0/0/0) 2 (0/0/0) 3(0/1/0)

bit 4 1/3 4/6 5/9

bra 2 3 6 9

1.

cmp ) HOFFSET(B),Dx 0+3(1/0/0) 2+5(1/0/0) 3+6 (1/2/0)

blt 4 1/3 4/6 5/9

2.

exg Ax,Dx 0(0/0/0) 2 (0/0/0) 3(0/1/0)

movea TR(MF).A0 3(1/0/0) 7(1/0/0) 9(1/2/0)

move.l Dx (A0) 3(0/0/1) 4 (0/0/1) 5(0/1/1)

subq #4.A0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)

move ] A0, TR(MP) 3(0/0/1) 5(0/0/1) 7(0/1/1)

4.

cycles Dx < HB 16 (4) 45 (4) 61 (18)
HB < Dx < stackbase 9 (1) 27 (1) 3g (10)
stackbase < Dx < B 14 (3) 44 (3) 60 (17)
B < Dx 4(0) 20 (0) 28 (7)
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dereference Dx

input:
output:
tempy:
function:
Ipstruction

Dx, SLref, $Loref

Dx
A0

dereference and branch according to result

dereference;

bftst Dx [0.2] 3 (0/0/0) 6(0/0/0) 7 (0/1/0)

boe SLoref 1/3 4/6 5/9

1

belr #cdr,Dx 1{0/0/0) 4 (0/0/0) &(0/1/0)

2:

movea | Dx.A0 0 (0/0/0) 2{0/0/0) 8(0/1/0)

move.| (A0),Dx 3(1/0/0) 6{1/0/0) 7(1/1/0)

bftst Dx [0,2] 3 (0/0/0) 6{0/0/0) 7 (0/1/0)

boe $Loref 1/3 4/6 5/9

belr #cdr Dx 1(0/0/0) 4 (0/0/0) 5(0/1/0)

bue 3 1/3 4/6 5/9

cmp | A0,Dx 0(0/0/0) 2(0/0/0) 3(0/1/0)

beq $Lref 1/3 4/6 5/9

bra 2 3 3 [

3:

cmp! A0,Dx 0(0/0/0) 2(0/0/0) 3(0/1/0)

bue 2 1/3 4/6 5/9

bset #cdr,DO 1(0/0/0) 4(0/0/0) 5 (0/1/0)

bra $Lref 3 6 ]

cycles Dx nref 6 (0) 12 (0) 16 (3)
1 level to nref 14 (1) 34 (1) 43 (9)
Dx ref 5 (0) 12 (0) 17 (5)
each level 12 (1) 34 (1) 44 (10)
each cdr 2 (0) 2(0) 4(1)

switch_tag Dx

input Dx, Jumplist

output.

function: Dx sbould be dereferenced

goto appropnate address according to datatype of Dx

Instruction best cache worst
switch_tagy:

movea Dx,A0 0 (c/0/0) 2 (0/0/0) 3 (0/1/0)
and.w #3.Dx 0+ 0 (0/0/0) 2+2(0/0/0) 3+3(0/2/0)
exg Dx,A0 0 {0/0/0) 2 (0/0/0) 3 (0/1/0)
movea Jumplist(PC,A0), AO 4 (1/0/0) 9 (1/0/0) 11 (1/2/0}
jmp (Jumplist,PC,A0) 1+ 3(0/0/0) 4+ 6 (0/0/0) T+6(0/2/0)
Jumplist.

_Svar (00)

_Siist (o1)

_Sconst {10)

_S$struct (11)

cycles

8 (0)

27 (0)

36 (6)
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decdr

input: Dx Ax $Lcdr_ref, $Lcdr_nref, $Lothers
output: Dx,Ax
function® Trace cdr pointers _goto labels accordingly
Jostruction best cache worst
decdr
bitst Dx (0.2} 3 (0/0/0) 6(0/0/0} 7 (0/1/0)
bmi $Lcdr_pref 1/3 4/6 5/9
1:
belr #%0,Dx 1 (0/0/0) 4 (0/0/0) & (0/1/0)
2:
movea | Dx,Ax 0(0/0/0) 2(0/0/0) 3(0/1/0)
move.] (Ax).Dx ap/o/0) 6(1/0/0) 7 (1/1/0)
bge 4 1/3 4/6 5/9
bftst Dx {0.2) 3 (0o/0/0) 6(o0/0o/0) 7 (0/1/0}
bgt 1 1/3 4/6 5/9
bmi $Lcdr_pref 1/3 4/6 5/9
beir #cdr, Dx 1 (0/0/0) 4 (0/0/0) & {0/1/0)
cmpl Ax,Dx 0(0/0/0) 2(0/0/0) 3(0/1/0)
boe 2 1/3 4/6 5/9
bra $Lcdr_ref 3 6 9
4
addql #4,Ax o0 (0o/0/0) 2(0/0/0) 3 (0/1/0)
bra $Lothers 3 6 ]
$Lcdr_ref:
$Lothers:
$Lcdr_nref
cycles to $Lothers 2 (0) 8 (0) 12 (4)

to $Ledr_ref 5 (0) 28 (0) 35 (6)

1o $Lcdr_nref 6 (0) 14 (0) 17 (3)

each level 12 (1) 28 (1) 36 (8)
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Utilities to test data type

input
output.
function:

Dx, $Lfalse

Test for the data type

if true, fall through, otherwise, brance to $Lfalse

Instruction best cache worst
test_reference
bftst Dx [0,2] 8({0o/o/0) 6 (0/0/0)  7(0/1/0)
boe $Lfalse 1/3 4/6 6/9
cycles troe 4 (0) 10 (0) 12 (2)
false 6 (0) 12 (0) 16 (3)
test_list
bitst Dx{o,2] 3(o/o/0) 6 (0/0/0)  7(0/1/0})
ble $Lfalse 1/3 4/6 5/9
cycles true 4 (0) 10 (0) 12 (2)
false 6 (0) 12 (0) 16 (3)
test_const
movea Dx,A0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
and b #3,Dx o0 {0/0/0) 4(0o/0/0) & (0/2/0)
emp b #2Dx  0(0/0/0)  4{(0/0/0)  6(0/2/0)
exg AODx  0(0/0/0)  2(0/0/0)  3(0/1/0)
boe $Lfalse 1/3 4/6 5/9
cycles true 1{0) 16 (0) 23 (7)
false 3 (0) 18 (0) 27 (8)
test_struct
movea Dx A0 o0 (0/0/0)  2(0o/0/0) 3 (0/1/0)
addb #3,Dx 0(0/0/0) 4({o/0/0) 6{0/2/0)
cmp.b #3,Dx 0(0/0/0) 4 (0/0/0)  6{0/2/0)
exg A0,Dx 0 (0/0/0)  2(0/0/0) 3 (0/1/0)
boe $Lfalse 1/3 4/6 5/9
cycles true 1(0) 16 {(0) 23 (7)
false 3 (0) .18 (0) 27 (8)
test_iot
movea Dx,A0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
and b #7Dx  0(0/0/0)  4(0/0/0)  6(0/2/0)
cmp b #2Dx  0(0/0/0)  4(0/0/0)  6(0/2/0)
exg AODx  0(0/0/0) 2(0/0/0)  $(0/1/0)
boe $Lfalee 1/3 4/6 b/9
cycles true 1(0) 16 (0) 23 (7)
false 3 (0) 18 (0) 27 (8)
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A.2. Get Instructions

get_constant X

input: constant C apd argument register pumber Xi
eutput:
fusction: Unify C with Xi
Instruction best cache worst
get_constant X
move.| #C.DO 0 (0/0/0) 6 (0/0/0) 5(0/1/0)
move.l Xi,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move.l PDL pdiBase(MP) 3 {o/0/1)  &(0/0/1) 7{0/1/1)
brs _unifyl s(0/0/1) 7 (0/0/1) 18 (0/2/1)
cycles 8+u-4 {2) 20+u-10(2) 33+ v-12(7)
move.| Xi{MP),D1 3 (1/0/0) 7 (1/0/0) 9 (1/1/0)

Xi in memory 8 (1) more 6 (1) more 6 (2) more

get_value X
input: input arguments Xi and Xj
output:
function: uaify Xi with X)
Ipstruction best cache worst
get _value_X:
move.! Xi,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move.l Xj.D1 0 (0/0/0) 2 (0/0/0) 3{0/1/0)
move.] PDL,pdIBase{MP) 3 (0/0/1) 5 (0/0/1) 7(0/1/1)
brs _unify s (0/0/1) 7 (0/0/1) 13 (0/2/1)
cycles g+ue (2) 16+1u s (2) 26+ u ¢ (7)
X 1o mem 3(1)or6(2) T(Norld (2) ©(1)or18(2)

¢ uis the time spent ip the unifcation routine

get_value Y

ipput: Permenant variable Y1 and argument X}
output:
function unify Y1 and X)
lnstruction best cache worst
get_value Y
move.| -4¢+i(E),DO 3(1/0/0) 7(1/0/0) 9 (1/1/0)
move.l Xj.D1 0 (0/0/0) 2(0/0/0) 8 (0/1/0)
move.l PDL, pldBase{MP} 3 {0/0/1) 5(0/0/1) 7 (0/1/1)
brs _unify 5(0/0/1)  7(0/0/1)  13(0/2/1)
cycles 1+ue(3) 21+ue(8) 32+ue (8)

Xj in memory 3(1)more 7 (1)more 0 (1) more
e uis the time needed by the uificaticn subroutine.




get_vanable X

input: argument registers Xi and X)

output:

function: Move the content of Xj to Xi

Instruction best cache worst

get_variable_X:

move | XjXi o0(o/0/0) 2(0o/o/0) 3 (0/1/0)

cycles 0 (0) 2 (0) ${1)
get_varable_X

ipput: argument registers Xi and X

output:

function: Xj is in memory rather than 3 machine register |

Ipstruction best cache worst

get_variable_X:

move.| XjXi(MP) 3(0/0/1) 5(0/0/1) 7(0/1/1)

cvcles 3(1) 5(1) 7(2)
get_vanable X

input argument registers Xi and X

output:

function: Xjis ip the memory

Instruction best cache worst

get_variable X:

movel Xj(MP).Xi 3(1/0/0) 7(1/0/0) © (1/2/0)

cycles 3(1) 7(1) 9 (3)

get_variable_X

input: argument registers Xi and X}

output:

function Both Xi and Xj are in memory

Instruction best cache worst

get _variable X

move.} XHMP).Xi(MP) 6(1/0/1) 8 (1/0/1) 13(1/2/1)

cycles 6 (2) 8 (2) 18 (4)

XXER]

get_variable Y

input: Permenant variable Yi and argument reguster X)

output:

function: move the content of Xj into Yi

get_variable_Y:

move.l

Xj,-4%i(E) 3(0/0/1) 6(0/0/1) 7(0/1/1)

cycles

3(1) 5(1) 7(2)

Xj in register




get_variable Y

input: Permenant variable Yi and argument register X
output.
fupction Xj is ip memory
lnstruction best cache worst
get_variable Y:
move ! X)(MP) -4+(E) 6 (1/0/1) & (1/0/1) 18 (1/2/1)
cycles 6(2) 8 (2) 13 (4)
get_hist
input: argument regiser Xi
output:
function: set up for upification of Xi and a hst
lpstruction best cache worst
get_list Xi:
dereference (X1, Lref, Laref)
Lref: 5 (0) 12 (0} 17 (5)
move.l H,DO 6 (0/0/0) 2 (0/0/0} 3 (0/1/0)
orb #hsttag,DO 0 (0/0/0} 4 (0/0/0) 6 (0/2/0)
btst #cdr Xi 1(0/0/0) 4 (0/0/0) 5(0/1/0)
beq 1 1/3 4/6 5/9
bset $#cdr, DO 1 (0/0/0) 4(0/0/0) 5(0/1/0)
1
move.l DO,(A0) 3 (0/0/1) 4(0/0/1) 5 (0/1/1)
trasl Xi,A0 4{0) 20 (0) 28 (7)
move.l DO, Xi 0 (0/0/0) 2 (0/0/0) $(0/1/0)
bra write_unify 3 6 ¢
Laref: 6 (0) 12 (0) 16 (3)
move. | Dx,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
bftst Do [0,2] 3 (0/0/0) 6 (0/0/0) 7(0/1/0)
ble fail 1/3 4/6 5/9
belr #0.D0 1 (0/0/0) 4 (0/0/0) $(0/1/0)
movea | D6,S 0 (0/0/0) 2 (0/0/0) 3 (6/1/0)
read_unify_
cycles reference 19+d+t (1) &2+d+t(1) 86~ d~t(23)
hist 11+d (0) 30+ d (0) w+d(8)
others 12+ 4 (0) 26+ d (0) $2+d(7)
Xi ip memory 3 (1) more 9 (1) more 12 more (4)

dereference and travlare to be macroexpanded

e d is time peeded to derefence apd t is the time peeded to do trail checking
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get_structure
input: Xi
output:
{ function: set up for the unification of Xi and a structure
Instruction best cache worst
get_structure:
dereference (Xi, Lref, Loref)
Lref: 5(0) 12 (0) 17 (5)
move.l H.DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
orb #structtag,DO 0 (0/0/0) 4 (0/0/0) 6 (0/2/0)
btst #cdr Xi 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
beq 1 1/3 4/8 5/9
bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0)
1:
move | D0,(A0) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)
trail Xi, A0 4(0) 20 {0) 28 (7)
move.| DO.Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move. #Functor (H)+ 4 (0/0/1) 8 (0/0/1) 7 (0/1/1)
bra write_unify_ 3 6 ]
Loref.
test_struct (Do, _fail) 1/3 (0) 16/18 (0) 23/27 (7)
asd b #0x{¢,DO 0 {0/0/0) 4 (0/0/0) 6 (0/2/0)
movea ! Do,S 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
cmpi.l #F (S)+ 0+5(1/0/0) 2+8(1/0/0) 3+9(1/1/0)
boe fail 1/3 4/6 5/90
ready_unify_
cycles o reference 23+d+1{2) T0+d+t(2) 93+d+t(25)
structure 13+4d (1) 48+4d (1) 65+d (16)
list or const o+ d (0) 30+ d (0) 43+d (11)
fupctor not match  15+4d (1) 50+4d (1) 69+ d (17)
Xi ip memory 3 (1) more 7 (1) more 0 (4) more

dereference, trail and test_siruct are to be microexpanded
¢ d time peeded for dereference, and t time peeded for trail the bindings
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A.3. Put Instructions

put_varisble X

input: argument register Xa

output:

function: Create ap unbound variable on the beap and put the pointer

in Xi

lnstruction best cache worst

put_variable X:

move.l H.Xi 0 (0/0/0) 2 (0/0/0) 4 (0/1/0)

move.l H(H)+  4(0/0/1) 4 (0/0/1) 6 (0/1/1)

cycles 4(1) 6(1) 8(3)
put_variable Y

input: Permenant variable Yi

output:

function: Create an unbound permenant variable Y1

jpstruction

best cache worst

put_variable_Y:

lea -49i(E) A0 4(0/o/0) 4{o/of0) 6 (0/2/0)
move.} A0,{AD) s(ojo/1) 4(0/0/1) 5 (0/1/1)
move | A0 X 0(0/0/0) 2(0/0/0) $(0/1/0)
cycles Xiin register  7(1) 10 (1) 14 (5)
put_value X J

input: argument Xi and X)
output:
function move the content Xi into X)
Instruction best cache worst |
put_value_X: \
move.l XiXj 0(0/0/0) 2(0/0/0) 3(0/1/0)
cycles Xi,X) in registers 0 (0) 2 (0) 3(1)

Xi in memory (1) 7(1) 0 (2)

Xj in memory 3 (1) 5(1) 7(2)

both XiXjio memory 6(2) 8(2) 13 (3)

This instruction is the same as the get_value X, except the direction
of data movement is reversed

put_value Y

ipput: permenant variable Y1 and argument register X
output.
function’ Move the content of Yiinto X)
Instruction best cache worst
put_value Y:
move. | -49(E).X) 3(1/0/0) 7(1/0/0) 9 (1/1/0)
cycles Xj in register 3 (1) 7(1) 9(2)

X io memory 6 (2) 8 (2) 13 (3)




put_constant Xi

input: Constant C and argument register Xi
output:
function move C into Xi
Instruction best cache worst
put_constant:
move.| #Copstant Xi  0(0/0/0) 6 (0o/0/0) 5(0/1/0)
cycles Xi in register 0 (0) 6 (0) 6 (1)

Xi io memory 3 (1) 9 (1) 8(2)

put_list
input: argument Xi
output:
function: initialize Xi to point to the heap where the hist is built
Instruction best cache worst
put_hist:
move.l HXi 0(0/0/0)  2(0/0/0)  8(0/1/0)
orb #listtag Xi 0 (0/0/0) 4 (0/0/0)  6(0/2/0)
wrnte_upify_:
cycles Xi in register 0 (0) 6 (0) 6 (3)
Xi ip memory 3 (1) 11 (1) 16 (4)
put_structuore

input: Functor F and argument Xa
output:
fupction: jnitialize Xt to point to the beap where a structure with

functor F iz built
lpstruction best cache worst
put_structure: :
move.l H.Xi 0 (0/0/0)  2(0/0/0)  3(0/1/0)
orl #structtag Xi 0 (0/0/0) 4 (0/0/0) 6 (0/2/0)
move | #F (H)+ 4 (0/0/1)  8(0/0/1)  7(0/1/1)
write_unify_
cycles X1 in register 4 (1) 14 (1) 16 (5)

Xt in memory 7 (2) 19 (2) 23 (7)
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put_unsafe_value

Permenant vanable Yi and argument register Xj (on chip)

ipput.

output:

function: If Yi is dereferenced to an unbound variable, a new vaniable
is craeted op the beap and is put into Xj Othberwise, the dereferenced
value of Yiis put ioto X

Instruction best cache worst

put_unsafe_value:

move.l -4¢i(E),Xi 3 (1/0/0) 7 (1/0/0) 9 (1/2/0)

dereference {Xi, Lref, Lorel)

Lref: 6 (0) 12 (0) 17 (5)

cmp.l #stack_base Xi 0 (1/0/0) 2+ 4 (1/0/0) 3+5(1/2/0)

bgt Luoref 1/3 4/6 5/9

trail Xi, A0 4(0) 20 (0) 28 (7)

move.l R.Xi 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1)

Loref 6 (0) 12 (0) 16 (3)

cycles X reg. pot ref o+d (1) 19+4d (1) 25+ d (6)
el no move 11+d (2) 31+d (2) 43+ d (13)
refl move 17+ 4 (3) $5+d (3) 75+d (22

X1 is ip 2 machine register oo chip

put_upsafe_value

input:
output:
function:

Permenant variable Yi and argument register X; (1» memory)

If Yi is dereferenced to an unbound variable, a new variable
is craeted on the beap and is put into X). Otberwise, the dereferenced
value of Yi is put into X)

Jnstruction best cache worst
put_unsafe_value:
move.| -4+(E),D0 3(1/0/0) 7(1/0/0) 9 {1/2/0)
dereference (DO, Lref, Laref)
Lref: 5(0) 12 (0) 17 (5)
cmp | #stack_base, DO 0 (1/0/0) 2+ 4 (1/0/0) 3+ 5(1/2/0)
bgt Loref 1/3 4/6 5/9
trail DO,AD 4(0) 20 (0) 28 {7)
move.| H.DO 0 (0/0/0) 2 (0/0/0) 3{0,1/0)
move.l H,(H)+ 4 (0/0/1} 4 (0/0/1) ${0,1/1)
Lorel: 6 (0) 12 (0) 16 (3)
move.| DO.Xi(MP) 3 (0/0/1) 5 (0/0/1) 7(0/1/1)
cycles X\ ip mem pref 12+d (2) 24+d (2) 32+ d (8)
ref po move 14+d (3) 36+4d (3) 50+ d (15)
ref move 20+ d (4) 60+ d (4) 82+ d (24)




A.4. General Unlification Routine

unify

input: Do, D1

output:

temps: D0,D1.S

function general unification subroutine

lnstruction best cache worst

dereference (DO, Lref, Laref)

Lref: 5 (0) 12 (0) 17 (5)

dereference (D1, L, Lrar)

unify_rm:

Lrr 5(0) 12 (0) 17 (5)

belr #cdr,Do 1(0/0/0) 4 (0/0/0)  5(0/1/0)

bmi 10 1/3 4/6 5/9

belr #cdr,D1 1{0/0/0) 4(0/0/0)  5(0/1/0)

bmi 20 1/3 4/6 5/0

cmp.l Do,D1 o0 (0/0/0) 2(o/0/0) 3 (0/1/0)
- bit 2 1/3 4/6 5/9

1

movea | DO,A0 0 (0/0/0) 2 (0/o/0)  3(0/1/0)

exg DO.D1 0(0/0/0) 2(0/0/0) 3 (0/1/0)

2:

move.| DO0,(AO) 3(0/0/1) 4(0/0/1) 6 (0/1/1)

trail D1,A0 4+ (0)  20+t(0) 28+t (7)

s 9 (1/0/0) 10(1/0/0) 12 (1/2/0)

10.

belr #cdr Dl 1(0/0/0) 4(0/0/0) & (0/1/0)

bmi 15 1/3 4/6 5/0

cmp | Do,.D1 0 (0/0/0) 2(0/0/0) 3 (0/1/0)

blt 2 1/3 4/6 5/9

exg Do,D1 0(0/0/0) 2(0/0/0) 3{0/1/0)

11

bset #¢dr.DO 1 (0/0/0) 4 (0/0/0)  5{0/1/0)

movea | D1,AO 0(0/0/0) 2(0/0/0} 3(0/1/0)

bset #cdr D1 1 (0/0/0) 4 (0/0/0)  5(0/1/0)

bra 2 1/3 4/6 5/9

15

cmpl Do.D1 0(0/0/0) 4 (0/0/0)  5(0/1/0)

blt 1 1/3 4/6 5/9

exg Do.D1 0(0/0/0) 2(0/0/0) 3 (0/1/0)

bra 11 3 6 [

20.

cmp.] Do.D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

ble 11 1/3 4/6 5/9

bra 1 3 6 9
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unify (cont )

Instruction best cache worst

Lror 6 (0) 12 (0) 16 (3)

belr #cdr,DO 1(0/0/0) 4(0/0/0) 5(0/1/0)

beq 21 1/8 4/5 5/0

beet #cdr,D1 1(0/0/0) 4 (0/0/0) 5 (0/1/0)

movel D0,A0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

move.l D1,(A0) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)

bset #cdr,DO 1{0/0/0) 4 (0/0/0) $(0/1/0)

exg Do,D1 0 (0/0/0) 2 (0/0/0) 5(0/1/0)

bra 2 3 6 0

21:

belr #cdr,D1 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

bra 1 3 6 0

upifyl

Laref: 6 (0) 12 (0) 16 (3)

dereference (D1, Lurr, L)

Lorr 5 (0) 12 (0) 17 (3)

btst #cdr,Di 1 (0/0/0) 4(0/0/0) 5(0/1/0)

beq 22 1/3 4/6 5/9

bset #cdr, DO 1(6/0/0) 4 (0/0/0) 5{0/1/0)

move.| D0,(A0) 3 (0/0/1) 4(0/0/1) 5(0/1/1)

bra 2 3 6 9

22

belr #c¢dr, DO 1(0/0/0) 4 (0/0/0) 5 (0/1/0)

move.! D0,(A0) 3{0/0/1) 4(0/0/1) 5(0/1/1)

bra 2 3 6 0

Lan 6 (0) 12 {0) 16 (3)

belr #cdr, DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

belr #cdr,D1 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

cmp) D0,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

boe 30 1/3 4/6 5/9

rts 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)

voify_nn

30

switch_tag (DO, Lfail, LI, Lfail. Ls) 8(0) 27 (0) 36 {6)

Ll

test_list (D1, Liail) 4/6 10/12 12/16

bra unify_hst 3 6

Ls:

test_struct (D1, Lfail} 1/3 16/18 23/27

bra upifv_struct 3 6 0

cycles var,var 40+ d+t (2) 96+ d+1t (2) 134+ d+ t (35)
varpvar 37+d+t(3) #B+d+t(3) 120+ d+t {30)
pvarvar 38+d+t(8) 88+d+t(3) 111+ d+t (28)
copst,const 24+4d (1) 48+4d (1) 62+ d (11)
List list a2+ d+ul{1) 83+d+ul(1) 95+ d+ul (19)

struc,struc
estry from unifyl

20+ d+us (1)
6 (0) less

89+ d-+us (1)
12 (0) less

106+ 8+ us (24)
16 (3) less

d time needed for dereference
t time peeded for trail
ul and us are time peeded to unify the list and structure respectively




unify_list
input Do, D1
output.
temps: Do,D3,S,A1,A0,PDL
fupction loop to unify hsts
Instruction best cache worst
_unify_hst:
move ! (PDL)+ D1 4(1/0/0) 6{(1/0/0) 7(1/1/0)
move.| (PDL)+ DO 4(1/0/0) 6 (1/0/0) 7(1/1/0)
unify_lst:
add b oxfe,Do 0+ 0(0/0/0) 2+2(0/0/0) 3+3(0/1/0)
addb oxfc,D1 0+ 0 (0/0/0) 2+2(0/0/0) 8+ 3(0/1/0)
movea | DO.S 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
movea | D1,Al 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
move.| (S)+ DO 4 (1/0/0) 6 (1/0/0) 7(1/1/0)
move | (A1)+ D1 4(1/0/0) 6(1/0/0) 7(1/1/0)
bra _loop 3 6 9
_continue
move | (S)+ DO 4(1/0/0) 6 (1/0/0) 7{1/1/0)
bm 4 1/3 4/6 5/9
1 2(0)e 8 (0)e 12 {4)e
move.l (A1)+ D1 4(1/0/0) 6(1/0/0) 7(1/1/0)
bge _loop 1/3 4/6 5/9
decdr (D1,A1,Ler, Lfail,_loop)
Ler: 5{0) 28 (0) 35 (6)
subq! #4.S 0 (0/0/0) 2(0/0/0) 3(0/1/0)
move.l S.D0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
orl #cdr_listtag, DO 0+ 0(0/0/0) 2+4(0/0/0) 3+ (0/2/0)
3:
move. ! D0,(A1) 3(0/0/1) 4(0/0/1) 5(0/1/1)
trail D1,Al 4(0) 20 {0) 28 (7)
s 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)
4:
decdr (D0,8,Lev0,Leo0,1)
Lev0 5 (0) 28 (0) 35 (6)
move.l (A1)+ Dt 4(1/0/0) 6(1/0/0) 7{(1/1/0)
bmi 6 1/3 4/6 5/9
5 -
subq/! #4,A1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
move.| A1,DO 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
movea.l S,Al 0{0/0/0) 2 (0/0/0) 3(0/1/0)
bra 2 3 6 ']
6:
decdr {D1,A1,Lcvl Leot Lncl)
Levi: 5 (0) 28 (0) 35(7)
cmp.| Do,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
bgt 7 1/3 4/6 5/9
exg Do,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
7:
belr #cdrD1 1(0/0/0) 4(0/0/0) s (0/1/0)
bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
movea.l D1,A0 0 (0/0/0) 2 {0/0/0) 3(0/1/0)

bra 3 3 6 9
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. unify_list {cont )
Instruction best cache worst
Locl: 2 (0) 8 (0) 12 (4)
belr #cdr,DO 1(0/0/0) 4 {0/0/0} 5 (0/1/0}
exg D0,A0 0 (0/0/0) 2(0/0/0)  3(0/1/0)
bra 2 3 6 [
Leol: 6 (0) 14 (0) 17 (3)
exg Do.D} 0(0/0/0) 2(0/0/0)  $(0/1/0)
belr #cdr.Dl 1(0/0/0) 4 {(0/0/0) 5 (0/1/0)
movea.l D1,A0 0 (o/o/0) 2 (o/0/0}) 3 (0/1/0)
bra 3 3 [} 0
L coo: 6 (0) 14 (0) 17 (3)
move.| (A1)D1 3 (1/0/0) 6(3/0/0) 7(1/1/0)
bge Lfail 1/3 4/6 5/9
decdr (Dl,ALch?,Lco?.Lhil)
Lev? 5(0) 28 (0) 35 (6)
belr #cdr,D1 1(0/0/0) 4 {0/0/0) 5 (0/1/0)
movea | D1,A0 o (0/0/0) 2(0o/0/0) 3 (0/1/0)
bra 3 3 6 [}
Lco2: 6 (0) 14 {0) 17 (3)
cop | Do,D1 0 (0/0/0) 2(0/0/0) s (0/1/0)
bae _upify_cdr 1/3 4/6 5/0
ns 9 (1/0/0) 10(1/0/0) 12 (1/2/0)
upify_cdr:
test_otruct (DO, Lfail) 1/3 16/18 23/27
test_struet (D1, Lfail) 1/3 16/18 23/27
belr #cdr.DO 1(0/0/0) 4 (0/0/0)  5(0/1/0)
belr #cdr,D1 1(0/0/0) 4(0/0/0) 5(0/1/0)
bra uwpify_struct 3 [ 9
_loop:
dereference (DO, Lv, Laov) )
Lv: 5(0) 12 (0) 17 (5)
dereference (D1, Lwvv, Lvov)
Lvov: 6 (0) 12 (0) 16 (3)
movea |l DO0,AO 6(0/0/0) 2 (0/0/0) 3(0/1/0)
belr #cdr,DO 1(0/0/0) 4(0/0/0) 5 (0/1/0)
beq 01 1/3 4/6 5/9
exg DO0,AO o (0/0/0) 2(0/0/0) 3(0/1/0)
move | D1,(A0) 3(0/0/1) 4(0/0/1)  5(0/1/1)
move | Do,D1 0(0/0/0) 2(0/0/0)  ${0/1/0)
bra 04 3 6 9
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upify_list {cont )

Instruction best cache wort
Lvv. 5(0) 12 (0) 17 (5)
belr #cdr DO 1(0/0/0) 4 (0/0/0) 5(0/1/0)
bmi 10 1/3 4/6 5/9

belr #cdr,D1 1(0/0/0) 4(0/0/0} 5(0/1/0)
bmi 20 1/3 4/6 5/9
cmp.! Do,D1 0 (0/0/0) 2(0/0/0) 38(0/1/0)
bit 02 1/3 4/6 5/9

01:

movea | D0,AO 0 (0/0/0) 2(0/0/0) 8(0/1/0)
exg Do,D1 0(0/0/0) 2(0/0/0) 3(0/1/0)
02:

move.l DO0,(A0) 3(0/0/1) 4(0/0/1) 6(0/1/1)
trail D1,A0 4+1(0)  20+t(0) 28+t (7)
bra _continue 3 6 9

10:

belr #cdr.D1 1(0/0/0) 4 (0/0/0) 5(0/1/0)
bmi 15 1/3 4/6 5/9
cmp.! Do,D1 0 (0/0/0) 2(0/0/0) 3(0/1/0)
blt 02 1/3 4/6 5/0

exg Do,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
11

bet #cdr,DO 1(0/0/0) 4 (0/0/0) 5(0/1/0)
movea ] D1,A0 0 (0/0/0) 2(o0/o/0) 8(0/1/0)
bset #cdr,D1 1(0/0/0) 4{0/0/0) 5(0/1/0)
bra 02 1/3 4/6 5/9

15

cmp | Do,D1 0 (0/0/0) 4(0/0/0) §(0/1/0)
blt 11 1/3 4/6 5/9

exg Do,D1 0(0/0/0) 2(o/o/0) 3(0/1/0)
bra 11 3 6 9

20:

emp D0.D1 0(0/0/0) 2(0/0/0) 3(0/1/0)
ble 1 1/3 4/6 5/9

bra 01 3 6 [

Lov:

dereference  (D1,Lovv.Lann)

Lovv: 5(0) 12 (0) 17 (5)
best #cdr,D1 1{0/0/0) 4(0/0/0) 5(0/1/0)
beq 03 1/3 4/6 5/9

bset #cdr,DO 1(0/0/0) 4(0/0/0) 5(0/1/0)
bra 03 3 6 9




unify_list {cont )

_

Instruction best cache worst

Lon 6 (0) 12 (0) 16 (3)

belr #cdr,DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

belr #cdr,D11 (0/0/0) 4 (0/0/0) & (0/1/0)

cmp | Do,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

beq _contipue 1/8 4/6 5/9

switeh_tog (DO, Lfail, L, Lfail, Ls}) 8 27 36

Ll

test_list (D1, Lfail}) 6/4 12/10 16/12

lea _unify_list A0 2+ 2 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0)

move.l Do.-(PDL) s (0/0/1) 6 (0/0/1) 6 (0/1/1)

move.l D1 -(PDL) 3(0/0/1) 5 (0/0/1) 6(0/3/1)

move. A0, {PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1)

bra _contipue 3 [ 9

Ls:

teai_struct (D1, L{ail) 31 18/16 27/23

lea _upify_struct, A0 2+ 2 (0/0/0) 2+ 2 (0/0/0) 3+ 3 (0/2/0)

move.l Do,-(PDL) 3 (0/0/1) 5 (0/0/1) 6 (0/1/1)

move.l D1,-(PDL) 3 (0/0/1) 5 (0/0/1) 6(0/1/1)

move.| A0, {PDL) $(0/0/1) $ (0/0/1) 6(0/1/1)

bra _continue 3 [ 9

Liail:

move.l pdiBase(MP) PDL 3(1/0/0) 7(1/0/0) 9 (1/2/0)

bra _fail 3 6 9

cycles entry
_upify_hst 10 (4} 42 (4) 55 (16)
unify_list 11 (2) 30 (2) 41 (12)
per elmement
var,var 46+ d+t (4) 108+ d+1t (4)
var,nvar 38+ d+t (3) 09+ d+t (3) 131+ 4+t (32)
nvar,var 39+d+1t(3) 94+ d=+t {3) 127+ d+ 1t (38)
const, const 28+ d+ ¢ (2) 68+ d+ ¢ (2) 70+ d+ ¢ (16)
list list 53+ d+ ul (6) 114+ d+ ul (6) 149+ d+ ul (32)
struc struc 50+ d+ us {6) 120+ d+ us (6) 160+ d+ us (37)
exit
const,const 30+ d+c(1) 64+ d+c(1) 80+ d+ ¢ (195)
c_var,nedr 3+d+c(3) 92+ d+c (3) 122+ d+ ¢ (28)
pcdr,c_var 19+ d+¢(2) 70+ d+¢ (2) 90+ d+ ¢ (22)
var,var f1+d+c+t (3) 126+d+c+t (3) 164+ d+c+t(37)
struc struc 35+ d+ us (3) 84d+ us (3) 113+ d+ us (31)

d time needed for dereference

¢ time needed for decdr

ol and us are the ume needed to usify

t time needed for trai)

a list or a structure respectively
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unify_struct

input: Do, D1

output:

temps: Do,D1,S,A1,A0PDL

function: general uniBication routine for struct
lostruction best cache worst
_unify_struct:

move.l © (PDL)+.D1 4 (1/0/0) 8 (1/0/0) 7(1/1/0)
move.} (PDL)+ DO 4 (1/0/0) 6 (1/0/0) 7(1/1/0)
unify_struct:

and b #xfc,D1 0+0(0/0/0) 2+2(0/0/0) 3+ 3(0/2/0)
and.b #x{c,DO 0+ 0 (0/0/0) 2+2(0/0/0) 8+3 (0/2/0)
movea DO0S 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
movea D1,Al 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move.| (S)+ DO 4 (1/0/0) 6(1/0/0) 7(1/1/0)
cmp | (A1)+,D0 0+ 4(1/0/0) 2+4(1/0/0) 3+4(1/1/0)
beq loop 1/3 4/6 5/9

bra Lfail 3 6 0
_coptinue:

move.| (S)+ ,Do 4 (1/0/0) 6 (1/0/0) 7(1/1/0)
bmi 50 1/3 4/6 5/9
move.| {A1)+.D1 4(1/0/0) 6 (1/0/0) 7(1/1/0)
bmi Lfail 1/3 4/6 5/9

loop:

dereference (DO, Lref, Luref)

Lref: 5 (0) 12 (0) 17 (5)
dereference (D1, L, Lm)

Lro:

move.| D0.AO 0 (0/0/0) 2 (0/6/0) 3(0/1/0)
belr #cdr,DO 1(0/0/0) 4 (0/0/0) 5(0/1/0})
beq 1 1/3 1/6 5/9

exg DO0.AO 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
bset #cdr,D1 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
move.l D1,(A0) 3(0/0/1) 4(0/0/1) 5(0/1/1)
exg Do,Di 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
bra 3 3 6 °

L 5 (0) 12 (0) 17 (5)
belr #c¢dr,DO 1 {0/0/0) 4 (0/0/0) 5(0/1/0)
bmi 10 1/3 4/6 5/9

bels #cdr,D1 1 (0/0/0) 4(0/0/0) 5(0/1/0)
bmi 20 1/3 4/6 5/9
cmp.} Do,D1 0 {0/0/0) 2 (0/0/0) 3(0/1/0)
bit 2 1/3 4/6 5/9

1:

movea.l DO0,AO o0 (0/0/0) 2 {0/0/0) 3 (0/1/0)
exg Do,Di 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
2:

move.| D0,(A0) 3(0/0/1) 4 (0/0/1) 5(0/1/1)
3

trail D1,A0 4+ (0) 20+t (0) 28+t {7)

rns 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)
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unify_struct (cont )

Instruction best cache worst

10:

belr #cdr,Di1 1(0/0/0) 4 (0/0/0) 5{0/1/0)
bmi 15 1/3 4/6 5/9
cmp! po,Di 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
bit 2 1/3 4/6 5/9

exg Do.D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
11

baet #cdr DO 1 (0/0/0) 4 (0/0/0) 5 (0/1/0)
movea! D1,A0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
bset #cdr, D1 1 (0/0/0) 4(0/0/0) 5{0/1/0)
bra 2 1/3 4/6 5/9

15

cmp.| po,D1 0 (0/0/0) 4(0/0/0) 5 (0/1/0)
bit 1 1/3 4/6 5/9

exg Do,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
bra 11 3 6 9

20:

cmp | Do,D1 0 (0/0/0) 2(0/0/0) 3(0/1/0)
ble 11 1/3 4/6 5/9

bra 1 3 6 9

Laref: 6 (0) 12 (0) 16 (0)
dereference (D1, Lor, Lan)

Laor 5 (0) 12 (0) 17 {5)
btst #cdr,D1 1 (0/0/0) 4 (0/0/0) §(0/1/0)
beq 2 3 . 6 . 0

bset #cdr,DO 1 (0/0/0) 4 (0/0/0) s {0/1/0)
move.| Do,(A0) 3(0/0/1) 4(0/0/1) 5(0/1/1)
bra 3 3 6 9

Lon: 6 (0) 12 (0) 16 (3)
cmp Do.D} 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
beq _continue 1/3 4/6 5/9
switch_tag (Do, Lfail, LI, Lfail, Ls) 4 18 25

Ll

test_list {D1, Lfait) 4/6 10/12 12/16
lea _unify_list AD 2+2(0/0/0) 2+2(0/0/0) 3+3 (0/2/0)
move.| Do,-(PDL) 3(0/0/1) 5{(0/0/1) 6(0/1/1)
move. D1,-(PDL) 3(0/0/1) 5(0/0/1) 6(0/1/1)
move.} A0,-(PDL) 3(0/0/1) ${0/0/1) 6 (0/1/1)
bra _coptinue 3 6 9

Ls:

test_struct (D1, Lfail) 1/3 16/18 23/27
lea _unify_struct,A0 2+2(0/0/0) 2+2(0/0/0) 3+3(0/2/0)
move.l Do.-(FDL) 3 (0/0/1) 6 (0/0/1) 6 (0/1/1)
move.| D1-(PDL) 3(0/0/1) 5(0/0/1) 6 (0/1/1)
move.| A0,-(PDL) 3(0/0/1) 5 (0/0/1) 6 (0/1/1)
bra _coptinue 3 6 9
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unify_struct {cont )

Instruction best cache worst

50:

move.| (A1),D1 3 (1/0/0) 6 (1/0/0) 7(1/1/0)

bge Lfail 1/3 4/6 5/9

cemp.! Do,D1 0 (0/0/0) 2 (6/0/0) 3(0/1/0)

boe Lfail 1/3 4/6 5/9

cmp | #cdr_nil, DO 0+0(0/0/0)  2+4(0/0/0} 3+5(0/2/0)

bne Lfail 1/3 4/6 5/9

rts 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)

Liail:

move.| pdiBase{MP)PDL 3 (1/0/0) 7 (1/0/0) 9 (1/2/0)

bra _fail 3 6 ]

cycles entry
_unify_struct 19 (4) 42 (4) 85 (16)
unify_struct 11 (2) 30 (2) 41 (12)
per element
var,var 46+ d+t {4) 108+ d+t (4) 150+ d+ t (42)
nvar,var 38+d+t(3) 90+ d+t¢ (3) 131+ d+t (32)
var,pvar 30+d+1t(3) 94+ d+1t (3) 127+ d+t (38)
const,const 25+d (2) §2+d (2) 68+ d (16)
list list 47+d+ul (5) 103+d+ul(5) 134+ d+ul (25)
struc struc 44+d+us (5) 100+ d+us(5) 145+ d+us(25)
exit 17 (2) 38 (2) 49 (13)

d time needed for dereference

t time peeded for trail
ul and us time peeded to unify a list or a structure respectively
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unify_variable_X

input: Xi, 8
output:
temp:
function: read mode upification when Xi in register

[ Instruction best cache worst
r_uoify_vanableX: Xi in register
move.| (S)+ Xi 4(1/0/0) 6 (1/0/0) 7(1/1/0)
bge Lo 1/3 4/6 s/9
decdr (X1,S,Ler, _fail Lo)
Ler 5(0) 28 (0) 35 (6)
move.| H.D! 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
orl #cdr_listtag, D1 0+0(0/0/0) 2+4(0/0/0) 3+5(0/2/0)
move.| D1(S) 3 (0/0/1) 4 (0/0/1) $(0/1/1)
bset #cdr Xi 1(0/0/0) 4 (0/0/0) 5(0/1/0)
trail Xi,$ 4 (0) 20 (0) 28 (7)
move.l D1.Xi 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
move. H,(H)+ 4(0/0/1) 4 (0/0/1) 5(0/1/1)
bra write_unify_ 3 [ 9
Lo: 2 (0) 8 (0) 12 (4)
read_unify_
cycles base case 7(1) 12 (1) 16 (4)

invoke decdr T+c(1) 18+ ¢ (1) 24+¢ (7)
change to w mode 25+ c+t (3) 86+c+t(3) 113+ c+t(27)

¢ time peeded to decdr
t time peeded to trail
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unify_variable_X

input: Xi in memory

output:

function: unify i read-mode when Xi in the memory

Instruction best cache worst

upify_vanable_X:

move.l (s)+,Do 4 (1/0/0) 6 (1/0/0) 7(1/1/0)
bge Lo 1/3 4/6 5/0
decdr (D0,S,Ler,_failLo)
Ler 5(0) 28 (0) 35 (6)
move.| H,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
or.l #cdr_listtag,D1 0+0 (0/0/0) 2+4(0/0/0) 3+5 (0/2/0)
move.l D1,(§) 3 (0/0/1) 4(0/0/1) 5(0/1/1)
bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
trosl Do.S 4 (0) 20 {0) 28 (7)
move.! D1 Xi(MP) 3 {0/0/1) 5(0/0/1) 7 (0/1/1)
move.] H,(H)+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)
bra write_unify_ 3 6 9
Lo: 2 (0) 8 (0) 12 (4)
move.l D0, Xi(MP) 3(0/0/1) 5(0/0/1) 7 (0/1/1)
read_unify_
cycles base case 10 (2) 17 (2) 23 (6)
decdr 10+ ¢ (2) 23+c¢ (2) 31+-¢ (9)

change to w mode 28+ c+t (4) BO+c+t (4) 117+c+1(20)

¢ time needed to decdr
t time needed to trail

unify_vanable_Y

ipput: Y1

output:

function: unify in read mode

Instruction best cache worst

r_unify_vanableY.

move.! (s)+ .DO 4(1/0/0) 6(1/0/0) 7 (1/1/0)
bge Lo 1/3 4/6 5/8
decdr (DO,S,Lcr,_hil,Lo)
Ler: 5 (0) 28 (0) 35 (6)
move. H.D1 o (0/0/0) 2 (0/0/0) 3(0/1/0)
orl #cdr_listtag,D1 0+ 0{0/0/0) 2+4(0/0/0) 3+5 (0/2/0)
move | D1,(S) 3(0/0/1) 4(0/0/1) 5(0/1/1)
bset #cdr,DO 1(0/0/0) 4 (0/0/0) $(0/1/0)
trasl DoS 4(0) 20 (0) 28 (7)
move. D0,-44i(E) 3{0/0/1) 5 {(0/0/1) 7 (0/1/1)
move.| H,(H}+ 4 (0/0/1) 4(0/0/1) §(0/1/1)
bra wnite_unify_ 3 6 ']
Lo: 2 (0) 8 (0) 12 (4)
move.l D0 -4¢i(E) 3 (0/0/1) 5(0/0/1) 7 (0/1/1)
read_unify_
cycles base case 10 (2) 17 (2) 23 (6)
decdr 10+ ¢ (2) 23+ ¢ (2) 31+ ¢ (9)

change to w mode 2B+ c+t(4) BO+c+t (4) 117+ c+1 (29)

¢ time peeded to decdr
t time needed to trail
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unify_value X

input: Xi in register

output:

fupction: unify in read mode

Instruction best cache worst

r_unify_valueX:

move.l (S)+ .Do 4 (1/0/0) 6 (1/0/0) 7(1/1/0)

bge Lo 1/3 4/6 5/9

decdr (DO,S,Lcr,_hil,Lo)

Ler 5 (0) 28 (0) 35 (6)

move.| HD1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)

orl #cdr_listtag,D1 0+0(0/0/0) 2+4 (0/0/0) 3+ 5(0/2/0)

move.l D1,(S) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)

bset #¢dr,DO 1 {0/0/0) 4 (0/0/0) 5(0/1/0)

trasl Do,S 4 (0) 20 (0) 28 (7)

dereference (Xi,Lref Laref)

Lrel: 5 (0) 12 (0) 17 (5)

cmp.l #stack_base Xi o+ 3 (0/0/0) 2+4{0/0/0) 3+ 5 (0/2/0)

bgt 1 1/3 4/6 5/9

move.| H.(A0) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)

trail Xi,A0 4 (0) 20 (0) 28 (7)

move.l H (H)+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)

bra wrnte_unify_ 3 6 [

1

move.l Xi,Do 0 (0/0/0) 2 (0/0/0) 3(0/1/0)

belr #cdr,DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

move.) DO(H)+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)

bra wnte_unify_ 3 6 0

Loref: 6 (0) 12 (0) 16 (3)

move.! Xi(H}+ 4 (0/0/1) 4(0/0/1) 5(0/1/1)

bra write_unify_ 3 6 9

Lo: 2 (0) 8 (0) 12 (4)

move.l PDL,pdiBase(MP) 3 (0/0/1) 5(0/0/1) 7(0/1/1)

move.l Xi,D1 0 (0/0/0) 2 {0/0/0) 3(0/1/0)

brs unify 5(0/0/1) 7 {0/0/1) 13 (0/2/1)

read_unify_ -

cycles base case 15+u (3) 26+ u (3) 39+ u (10)
decdr 15+ c+u(3) 32+c+u(3) 47+cru (13)

change to w mode  25+c+1t (3) B4+c+t (3} 110+c+1 (26)

¢ time peeded to decdr
t time needed to trail
u time peeded to unify
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onify_value Y

input: Yi

output:

function: unify Yi in read mode

Instruction best cache worst

r_unify_valueY:

move ! -4¢i(E),D1 3(1/0/0) 7 (1/0/0) 9 (1/2/0)

move.| (S)+ .DO 4 (1/0/0) 6 (1/0/0) 7(1/1/0)

bge Lo 1/3 4/6 5/9

decdr (D0,S,Ler,_fail Lo)

Ler 5 (0) 28 (0) 35 (6)

movea.! D1,Al 0 (0/0/0) 2 {0/0/0) 3(0/1/0)

move | H.D1 0(0/0/0) 2 (0/0/0) 3(0/1/0)

orl #cdr_histtag D1 0+ 0(0/0/0) 2+ 4 (0/0/0) 3+ 5 (0/2/0)

move.l D1,(S) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)

bset #cdr,DO 1(0/0/0) 4 (0/0/0) 5(0/1/0)

trail Do,S 4 (0) 20 (0) 28 (7)

move.l A1D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

dereference (D1,Lref Laref)

Lref. 5 (0) 12 (0) 17 (5)

cmp.) #stack_base D1 0+ 3 {0/0/0) 2+ 4 (0/0/0) 3+ 5(0/2/0)

bgt 5 1/3 4/6 5/9

belr #cdr,Di 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

movea | D1,A0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)

bpe 2 1/3 4/6 5/9

move.l H,(A0) 3 (0/0/1) 4(0/0/1) 5{0/0/1)

1:

trail D1,A0 4 (0) 20 (0) 28 (7)

move.l H.(H}+ 4 (0/0/1) 4{0/0/1) 5(0/1/1)

bra wnte_unify_ 3 6 9

2:

move | H.DO 0 {0/0/0) 2 (0/0/0) 3(0/1/0)

bset #cdr.DO 1 {0/0/0) 4(0/0/0) 5(0/1/0)

move | D0,(A0) 3 (0/0/1) 4(0/0/1) 5{0/1/1)

bset #¢dr.D1 1(0/0/0) 4(0/0/0) 5(0/1/0)

bra 1 3 6 9

5

Laoref: 6 (0) 12 (0) 16 (0)

belr #cdr,D1 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

move.| D1,(H)}+ 4{0/0/1) 4(0/90;1} $(0/1/1)

bra write_unify_ 3 6 9

Lo: 2 (0) 8 (0) 12 (4)

move.| PDL,pd|Base(MP) 3 (0,0/1) 5(0/0/1) 7(0/1/1)

brs _unify 5(0/0/1) 7 (0/0/1) 13 {0/2/1)

read_unify_

cycles base 18+ u (4) 31+ u {4) 45 (12)
decdr 18+ c+ u {4) 37+ c+u (4) 53+ ¢+ u (15)
change to w mode 35+ c+1t (4) 111+c+t (4) 146+ ¢+t (35)

DO move
move

40+c+d+1t (4)
83+ c+d+t (5)

123+ c+d+t (4)
160+ c+ d+t (5)

164+ c+ d+t (41)
227+ ¢+ d+t (57)

¢ time needed to decdr

d time peeded to dereference
t time peeded to trail

u time needed to unify
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unify_constant

input’ Copstant C
output:
funpction’

unify with C

Jpstruction

r_nify_consuntC:

move.! (s)+ .DO 4(1/0/0) ¢ (1/0/0) 7 (1/1/0)
bge Lo 1/3 4/6 5/9

decdr (Do,S.Ler, _failLo)

Ler 5 (0) 28 (0) 35 (6)
move.l HD1 o (0/0/0) 2 (0/0/0) 3 (0/1/0)
orl #cdr__listug,Dl 0+ 0(0/0/0) 2+ 4 (0/0/0) 3+ 5(0/2/0)
move} D1.(S) 3 (0/0/1) 4 (0/0/1) 5{0/1/1)
bet #cdr.DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
trail Dos 4{0) 20 (0) 28 {7)
move.l #C (H)+ 4 (0/0/1) 8 (0/0/1) 7(0/1/1)
bra write_usify_ 3 6 9

Lo: 2(0) 8 (0) 12 (4)
move.l #C.D1 o+ 0 {0/0/0) 6 (0/0/0) 5{0/1/0)
exg Do.D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
move.l PDL,pd\Base(MP) 3 (0/0/1) 5 (0/0/1) 7 (0/1/1)
brs unifyl 5 (0/0/1) 7 (0/0/1) 13 {0/2/1)
read_unify_

cycles base case 15+ u (3) 30+ u (3) 41+ (10)
decdr 15+ c+u (3} 36+ c+ u (3) 49+ c+u (13)
changeto ¥ mode 25+ ¢+t (3) 8B+c+ 1 (3) M2+t t (26)

¢ time peeded to decdr
t time needed to trail

4 time peeded to unify

ipput

output’
fupction:

unify NIL ip read mode

jpstructiod

r_unify_nil
move.l (S).DO 3(1/0/0) 6 (1/0/0) 7{1/1/0)
bge fail 1/3 4/6 5/9

decdr (DO,S,Lcr,Lcnr,_hil)

Ler 5 (0) 28 (0) 35 (6)
move.l #cdr_nil,(S) s (0/0/1) 8 (0/0/1) 7 (0/1/1)
baet #cdr, DO 1 (0/0/0) 4(0/0/0) 5(0/1/0)
trast D0.S 4(0) 20 (0) 28 (7)

bra _continue 3 [ 9

Leor 6 (0) 14 (0) 17 (3)

empl #cdr_pil DO 0 (0/0/0) 2+ 4 (0/0/0) 3+ 5 (0/2/0)
beq _continue 1/3 4/6 5/9

bra _fail 3 ] °
cycles cdr nref 13+¢(1) a+c{1) 46+ ¢ (11)
cdr ref 20+ ¢+t (2) T6+cH t{2) Ob+c+ t(21)

¢ time peeded to decdr
{ time peeded to trail

i3
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unify_edr
input: Xi
output:
function Xi is unified with the Cdr of a list
Instruction best cache worst
r_unify_edrX:
move.| (s).0o 8(1/0/0) 6(1/0/0) 7(1/1/0)
bge 1 1/3 4/6 5/9
decdr (D0,S,Ler,Lern,Lo)
Ler 5 (0) 28 (0) 35 (6)
bset #cdr,DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
Lern: 6(0) e 14 (0) » 17(3)
move.| D0, Xi 0 (0/0/0) 2 (0/0/0) 3{0/1/0)
bra _continue 3 6 9
Lo: 2 (0) 8 (0) 12 (4)
subq #48 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
1
move.| S Xi 0(0/0/0) 2 (0/0/0) 3 (0/1/0)
orl #cdr_listtag X1 0+0(0/0/0) 2+4(0/0/0) 3+5(0/2/0)
bra _continue 3 6 ]
cycles base case 9 (1) 26 (1) 36 (9)
decdr to coref 13+ ¢ (1) 32+¢ (1) 41+ c(9)
decdr to cref 13+ ¢ (1) 50+ ¢ (1) 64+ c (13)
decdr to others o+ c (1) 34+ ¢ (1) 47+ ¢ (13)
Xi in memory 3 (1) more 3 (1) more 4 (1) more
¢ time needed to decdr
unify_cdr Y
input: Yi
output:
function: unify Yi with the cdr of a hist
Instruction best cache worst
r_unify_cdrY:
move.| (S),Do 3(1/0/0) 6(1/0/0) 7(1/1/0)
bge 1 1/3 4/6 5/9
decdr (D0,S,Ler,Lern, o)
Ler 5(0) 28 (0) 35 (6)
bset #cdr DO 1(0/0/0) 4 (0/0/0) 5(0/1/0)
Lern: 6 (0) 14 (0) 17 (3)
move.l DO0,-4¢i(E) 3(0/0/1) 5(0/0/1) 7(0/1/1)
bra _continue 3 6 9
Lo: 2 (0) 8(0) 12 (4)
subq #4S 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
1:
move.| S,Do 0(0/0/0) 2 (0/0/0) 3(0/1/0)
orl #cdr_listtag,DO 0+ 0(0/0/0) 2+ 4 (0/0/0) 3+5(0/2/0)
move.l DO0.-4%i(E) 3(0/0/1) 5(0/0/1) 7(0/1/1)
bra _continue
cycles base case 12 (2) 31(2) 43 (11)
decdr to coref 16+ ¢ (2) 37+ ¢ (2) 48+ ¢ (11)
decdr to cref 16+¢ (2) 55+ ¢ (2) 71+ ¢ (18)
decdr to others 12 (2) 30 (2) 54 (15)

¢ time needed to decdr
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unify_void

input:
output:
function: upify unnamed variable in read mode
[nstruction best cache worst
r_unify_void:
move.| (s)+ Do 4 (1/0/0) 6 (1/0/0) 7(1/1/0)
bge Lo 1/3 4/6 5/9
decdr {D0,S,Ler, fail Lo)
Ler 5 (0) 28 (0) 35 (6)
move.| H,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
orl #cdr_listtag. D1 0+ 0(0/0/0) 2+4{0/0/0) 3+5 (0/2/0)
move.l D1,S) 3(0/0/1) 4 (0/0/1) 5(0/1/1)
bset #cdr,DO 1(0/0/0) 4 (0/0/1) 5(0/1/1)
trail DO.S 4(0) 20 (0) 28 (7)
move.] H,(H)+ 4(0/0/1) 4 (0/0/1) 5(0/1/1)
bra wrnite_unify_ 3 6 9
Lo: 2(0) 8 (0) 12 (4)
read_unify_
cycles base case 7 (1) 12 (1) 16 (4)

decdr 7+¢{1) 18+ ¢ (1) 24+¢(7)

change to w mode 25+ c+t (3) B4+c+t(3)

101+ ¢+ {27)

¢ time needed to decdr
t time geeded to trail
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A.8. Write Unification Routines

unify_variable

input: X1

output

fupction woify Xi in write mode, Xi in register

Iostruction best cache worst

w_unify_vanableX:

move.l H.Xi 0(0/0/0) 2(0/0/0) 3(0/1/0)

move.l Xi,(HH+ 4 (0/0/1) 4(0/0/1) & (0/1/1)

write_unify_

cycles Xi in register 4 (1) 6(1) 8 (3)
unify_variable_X

input: Xi

output:

fupction: upify Xi in write mode when Xi is in memory

nstruction best cache worst

w_upify_vaniableX:

move.| H.Do . 0(0/o/0) 2(0/0/0) 3(0/1/0)

move.l Do.(H)+ 4(0/0/1) 4(o/o/1) 5(0/1/1)

move.l DOXiMP) 3 (0/0/1) 5 (0/0/1) 7(0/1/1)

write_unifly_

cycles 7{2) 11 (2) 15 (5)
unify_variable Y

input: Yi

output:

function: unify Yi in write mode

Instruction best cache worst

w_upify_variableY:

move.l H,Do 0(0/0/0) 2(0/0/0) 3{0/1/0)

move.l Do,(H)+ 4(0/0/1) 4{0/0/1) 5 (0/1/1)

move.l Do-4+i(E) 3(0/0/1) 5(0/0/1) 7 (0/1/1)

wnte_unifly_
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unify_value X

input: Xi in register

output:

function unify Xi Need to dereference to bandle unsafe value

Jastruction best cache worst

cycles 7(2) 11 (2) 15 (5)

w_unify_value _X:

dereference (Xi, Lref, Loref)

Lrel: 5 (0) 12 {0) 17 (5)

cmp. #stack_baseXi  0+0(1/0/0) 2+4 (1/0/0) 3+5(1/2/1)

bge 1 1/3 4/6 5/9

move.| H,(A0) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)

trail Xi, A0 4(0) 20 (0) 28 (7)

move.) H.Xi 0 (0/0/0) 2 (0/0/0) 3(0/1/0}

move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)

bra write_unify_ 3 6 0

1

move | Xi,Do 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

belr #cdr,DO 1 (0/0/0) 4 (0/0/0) 5(0/1/0)

move. Do,(H)+ 4 {(0/0/1) 4 (0/0/1) 5(0/1/1)

bra unify_write_ 3 6 9

Loref: 6 (0) 12 (0) 16 (3)

move.| Xi.(H)+ 4{0/0/1) 4(0/0/1) 5{0/1/1)

write_unify_

cycles Xi pref 10+d (1) 16+ d (1) 21+ 4d (5)
ref nmove 16+ 4d (1) 40+ 4 (1) 56+ d (15)
ref move 20+ d+t(2) 58+d+1(2) 80+d+t (22)

d time to dereference
t time to trail
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uwnify_vaiue_X
input: Xi in memory
output:
function: unify Xi in write mode
Instruction best cache worst
w_unify_valueX:
move.l Xi(MP),D1 3(1/0/0) 7 (1/0/0) 0 (1/2/0)
dereference (D1, Lref, Luref)
Lrel: 5(0) 12 (0) 17 (5)
cemp | #stack_base DI 0+0(1/0/0) 2+4{1/0/0) 3+5 (1/2/0)
bgt 1 1/3 4/6 5/9
move.l H,(A0) 3(0/0/1) 4 (0/0/1) §(0/1/1)
trail D1,A0 4(0) 20 (0) 28 (7)
move.l H,Xi(MP) 3 (0/0/1) § (0/0/1) 7(0/1/1)
move.l H,(H)+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)
bra write_unify 3 6 9
1.
move.| D1,Xi{MP) 3(0/0/1) § (0/0/1) 7(0/1/1)
belr #cdr.D1 1 (0/0/0) 4 (0/0/0) 5{0/1/0)
bra 2 3 6 [
Laref: 6 (0) 12 (0) 16 (3)
move.| D1 Xi(MP) 3(0/0/1) 5 (0/0/1) 7 (0/1/1)
2:
move.l D1,(H}+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)
wrnite_unify_
cycles nref 16+d (3) 28+d (3) 37+4d (9)
ref amove 22+ d (3) 52+4d (3) 70+4d (19)
ref move 26+d+t(4) 70+d+t(8) 94+d+t (26)

d time to derefence

t time to trail
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unify_value Y

input: Yi

output:

function: unify Yi in write mode

lnstruction best cache worst

w_upify_valueY:

move.} -4+i(E).DO 3(1/0/0) 7 (1/0/0) 0 (1/2/0)

derefence (Do, Lref, Luref)

Lref: 5 (0) 12 (0) 17 (5)

cmp.| #stack_base, D0 0+0(0/0/0) 2+4 (0/0/0) 3+5(0/2/0)

bge 1 1/3 4/6 5/9

move.| H,(A0) 3 (0/0/1) 4 (0/0/1) 5(0/1/1)

trail DO,A0 4 (0) 20 (0) 28 (7)

move.l H -44i(E) 3 (0/0/1) 5 (0/0/1) 7(0/1/1)

move.l H,(H)+ 4(0/0/1) 4 (0/0/1) 5(0/1/1)

bra write_unify_ 3 6 9

1

belr #cdr,DO 1(0/0/0) 4(0/0/0) 5(0/1/0)

move.l DO(H)+ 4 (0/0/1) 4 (0/0/1) s (0/1/1)

bra unify_write_ 3 6 9

Lorel: 6 (0) 12 (0) 16 (3)

move. DO,(H)+ 4 (0/0/1) 4 (0/0/1) 5(0/1/1)

wrnite_unify_

cycles ref move 26+ d (4) 68+ d (4) 93+ d (24)
ref no move 19+4d (2) 55+d (2) 62+d (13)

nref 13+4d (1) 23+4d (1) 30+ 4 (5)
d time for dereference .

unify_constant
input: Copstant C
output:
function: unify C in write mode
Jostruction best cache worst
w_unify_constantC:
move.l #C(H)+ 4{o/o/1) 8(0o/0/1) 7 (0/1/1)
write_unify_
cycles o(1) 8 (1) 7(2)
upify_edr_X

input: Xi
output:
function: upify Xi with the Cdr of a list in write mode
Instruction best cache worst
w_upify_cdr_X:
move.l HXi 6 (0/0/0) 2(0/0/0) 3 (0/1/0)
bset #edr Xi 1(0/0/0) 4(0/0/0) 5 (0/1/0)
move.l Xi,(H)}+ 4(0/0/1} 4(0/0/1) B (0/1/1)
cycles Xi in register  5(1) 10 (1) 13 (4)

Xi in memory  8(2) 15 (2) 20 (6)
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upify_cdr_Y

input: Yi
output:
function: unify Yi with the cdr of a list in write mode
Instruction best cache worst
w_unify_cdrY:
move.l H,D1 0(0/0/0) 2(0/0/0) 8(0/1/0)
bset #cdr,D1 1 (0/0/0) 4 (0/0/0) 5(0/1/0)
move.l D1, (H)+ 4(0/0/1) 4(0/0/1) 5(0/1/1)
move.| D1.-4¢i(E) 3(0/0/1) 5(0/0/1) 7(0/1/1)
cycles 8 (2) 15 (2) 20 (6)
w_unify_nil:
move.| #cdr_nil (H)+ 4 (0/0/1) 8 (0/0/1) 7(0/1/1)
cycles 4(1) 8 (1) 7(2)

unify_void
input:
output:
function: create unnamed vanable on the heap
lnstruction best cache worst
w_unify_void:
move.| H(H)+ 4(0/0/1) 4 (0/o/1) s(0/1/1)
_unify_write_
cycles 4(1) 4(1) 5(2)




P

A.7. Escape Routines

T

escape comparison
input: Do,D1
output:
temps: DO, D1
funciton: basic expanion for all comparisions
Jostruction best cache worst
escape_cmp/2:
dereference (Do, Lfail, Laref)
Larel: 4 (0) 12 (0) 16 (3)
switch_tags (DO, Lfail, Ls, Le, Lls) 4 (0) 18 (0) 25
Le:
btst #2,.D0 1(0/0/0) 4 (0/0/0) 5(0/1/0)
bne Lfail 1/3 4/6 5/9
bra _continue 3 ] ]
Lis:
move.l D1.-(PDL} 3 (0/0/1) 5 (0/0/1) 6(0/1/1)
brs eval 5 (0/0/1) 7 (0/0/1) 13 (0/2/1)
move.] (PDL)+ D1 4 (1/0/0) 6 (1/0/0) 7(1/1/0)
_continue.
dereference (D1,Lfail, Loref1)
Lorefl: : 4 10 12
switch_tags (D1,List LfailLel JLls1) 4 18 25
Lel:
cmpl D1,D0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
baoce Lfail 1/3 4/6 5/9
s 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)
Llst:
move.| Do -(PDL) 3(0/0/1) 5 (0/0/1) 6(0/1/1)
exg D0.D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
brs eval 5(0/0/1) 7 (0/0/1) 13 (0/2/1)
cmpll (PDL)+ D1 0+4(1/0/0) 2+4(1/0/0) 3+4 (1/1/0)
boee Lfail 1/3 4/6 5/9
s 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)
Lfail:
move.l pdiBase(MP),PDL 3 (1/0/0) 7 (1/0/0) 9(1/1/0)
bra _fail 3 6 9
cycle const,const 3+d g6+ d 113+ d
struc,const 38+ d+e 90+ d+ e 120+ d+ e
copst,struct 43+ d+e 104+ d+ ¢ 139+ d+e
struct struct 50+ d+ e 108+ d-+ e 146+ d+ e
d time needed to dereference
¢ time peeded to evaluate the expressions




escape_iz/2 (DO, D1)

input:
output:
function:

Do, D1

evaluate DO. I D1 is reference type, assign it the result

else compare it with the result.

Instruction best cache worst

escape_is/2:

dereference (Do, Lfail, Laref)

Loref: 10 12

swilch_tog (Do, Lls, Lfail, Lc, Lis) 4 18 25

Lec:

btst #2,D0 1(0/0/0) 4 (o/0/0) $(0/1/0)

bane Lfail 1/3 4/6 5/9

bra _continue 3 6 9

Lls:

move.| D1,-(PDL) a(o/0/1) 5(0/0/1) 6(0/1/1)

brs eval 5(0o/0o/1) 7(0/0/1) 13 (0/2/1)

move.| (PDL)+ D1 4(1/0/0) 6(1/0/0) 7(1/1/0)

_continue:

dereference (D1, Lrefl, Luorefl)

Lrefl: 4 14 17

bset #cdr DO 1(0/0/0) 4(0/0/0) 5(0/1/0)

btst #cdr,D1 1(0/0/0) 4 (0/0/0) 5(0/1/0)

boe 1 1/3 4/6 5/9

belr #¢dr,DO 1(0/0/0) 4(0/0/0)  5(0/1/0)

1

move.| DO,(AD) 3(0/0/1) 4(0o/o/1)  5(0/1/1)

trail D1,A0 4 20 28

rts 9 (1/0/0) 10(1/0/0) 12 {1/2/0)

Laorefl: 4 10 12

cmpl Do,D1 0(0/0/0) 2(0/0/0)  3(0/1/0)

bane Lfail 1/3 4/6 5/9

s 9 (1/0/0) 10(1/0/0) 12(1/2/0)

cycles copst const 27+d 68+d 88+ d
const,struct 34+ d+e T2+d+e 95+ d+e
var,const 51+d 104+ d 137+ d
var, struct 58+ d 108+d+e 144+ d=+e

d time to dereference

e time to evaluate the expression
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escape_is/4

iaput:
output:

temp:
function:

X0,X1,X2,X3

If X0 is reference, it's bound to X1 op X3
if X0 is a pumber, it’s compared with X1 op X3

otherwise, fail
A0,D0,D1

This is  local optimisation. X1 and X3 are constants
X2 is the oprand aligned for Jumptable.

lastruction best cache worst
move | X1,D0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
dereference (Do,Lfai! Lnref)

Luoref: 4 10 12

tor | #1,D0 1 (0/0/0) 4 (0/0/0) 4(0/1/0)
asr ) #4,D0 1 (0/0/0) 4(0/0/0) 4(0/1/0)
move.l DoX1 0 (0/0/0) 2 (0/0/0) $(0/1/0)
move.| X3.D0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
dereference (Do,Lfail Larefl)

Larefl: 4 10 14

fsrd #1.D0 1 (0/0/0) 4(0/0/0) 4(0/1/0)
astl #4.D0 1 (0/0/0)} 4 (0/0/0) 4(0/1/0)
move | D0,X3 0 (0/0/0) 2 (0/0/0) 3(0/1/9)
move | %2,D0 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
dereference (Do,Lfail Laref2)

Laref2: 4 10 12

cmp.b #0x14,D0 0+0(0/0/0) 2+2(0/0/0) 3+3(0/2/0)
bit Liail 1/8 4/6 5/9

jmp (Table PCD1w) 143 (0/0/0) 4+6 (o/o/0) T+6 (0/2/0)
Table:

add: ADD1

sub: SUB1

mul: MUL1

div: DIV

mod: MOD1

ADDI:

move.l X1,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
addl! X3,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
bra _end 3 (0/0/0) 6 (0/0/0) 9 (0/2/0)
SUBI:

move | X1.D1 0 (0/0/0) 2(0/0/0) 3(0/1/0)
subl X3,D1 0 (0/0/0) 2 {0/0/0) 3{0/1/0)
bra _end 3 (0/0/0) 6 (0/0/0) 9 {0/2/0)
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escape_is/4 (cont )

instruction best cache worst
MUL1:
move. | X1,D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
mule w X3,D1 25 (0/0/0) 27 (0/0/0) 28 (0/1/0)
bra _end 3 (0/0/0) 6 (0/0/0) 9 (0/2/0)
pivl:
move.| X1.D1 0 (0/0/0) 2 (0/0/0} 3 (0/1/0)
dival X3.D1 54 (0/0/0)  56(0/0/0) 56 (0/1/0)
and ] #quotmask, D1 0+0(0/0/0) 2+4 (0/0/0) 8+5(0/2/0)
bra _end 3 (0/0/0) 6 (0/0/0) 9 (0/2/0)
MOD1:
move.| X1,D1 0 (0/0/0) 2 {6/0/0) 3 (0/1/0)
diva | X3.D1 54(0/0/0)  56(0/0/0) 56 (0/1/0)
move.] #16,D0 0(0/0/0) 6 (0/0/0) $ (0/1/0)
fsr.l Do,D1 3 (0/0/0) 6 (0/0/0) 6 (0/1/0)
_end:
Isl ] #3.D1 1 {0/0/0) 4 {0/0/0) 4{(0/1/0)
orb #2.D1 0+ 0(0/0/0) 2+2(0/0/0) 3+3(0/2/0)
move | %0,D0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
dereference  {DO,Lref Luref) deref/b deref/c derefl/w
Lref: 4 14 17
baet #cdr,D1 1(0/0/0) 4 (0/0/0) 5 (0/1/0)
btst #¢dr,DO 1(0/0/0) 4 (0/0/0) 5(0/1/0)
boe 2 1/3 4/6 5/9
belr #cdr D1 1(0/0/0) 4 {0/0/0) 5 (0/1/0)
2:
move.i D1,(A0) 3(0/0/1) 4 (0/0/1) 5(0/1/1)
trasl DO,AO 4+t 20+ ¢ 28+t
Tts 9 (1/0/0) 10(1/0/0) 12 (1/2/0)
Loref:
cmp | Do.D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
bne _fail 1/3 (0/0/0) 4/6 (0/0/0)  5/9
s 9 (1/0/0) 10 {1/0/0) 12 (1/2/0)
cycles des. var 7+d+t 148+ d+t 186+ d+ t
des. const 36+d+t 110+ d+t 140+ d+ t
add or sub 3 10 15
mul 28 35 40
div 57 70 76
mod 57 70 70

d time to dereference
t time to trail
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eval DO

mput: Do
output: DO
temps: PDL, A0, A1, DO, D1
function: evaluate DO and put the result in DO

This is 3 recursive subroutine
Instruction best cache worst
eval:
dereference (DO, L, Loref)
Loref: 4 10 12
switch_tog (DO,L{.L10,LcOLs0} 4 18 25
LeO:
btst #3,D0 1(0/0/0) 4(0/0/0) 5 (0/1/0)
boe Lf 1/3 4/6 5/9
) 9 (1/0/0) 10 (1/0/0)  12(1/2/0)
Lio:
and b oxfc,DO 0+0(0/0/0) 2+2(0/0/0) 8+3(0/2/0)
movea | D0,A0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move.| (A0)+ DO 4{1/0/0) 6 (1/0/0) 7(1/1/0)
move.} (A0).D1 3(1/0/0) 6 (1/0/0) 7 (1/1/0)
decdr (D1,L1.Lenr,Lf)
Lenr 9 12 16
cmp.! #cdr_pil,D1 o+ 0(0/0/0) 2+4 {0/0/0) 3+ 5 (0/2/0)
beq eval 1/3 4/6 5/9
Lf:
move.l pdiBase(MP),PDL 3{(1/0/0) 7(1/0/0) 8 (1/1/0)
bra fail 3 (0/0/0) 6 (0/0/0) 9 (0/2/0)
Ls0:
and.b oxic,DO 0+0(0/0/0) 2+ 2(0/0/0) 3+3(0/2/0)
movea | DO,AD 0 {0/0/0) 2 (0/0/0) 3 (0/1/0)
move.l (A0)+ DO 4(1/0/0) 6 (1/0/0) 7 (1/1/0)
and.w #arity2,D0 0+0(0/0/0) 2+2(0/0/0) 3+3(0/2/0)
boe Lf 1/3 4/6 5/9
move| (A0)+ -(PDL) 6 (1/0/1) 7(1/0/1) 9 (1/1/1)
move.| {A0)+ -(PDL) 6 (1/0/1) 7(1/0/1) 9 (1/1/1)
move.| (A0}+ DO 4 (1/0/0) 6(1/0/0) 7 (1/1/0)
brs eval 5 (0/0/1) 7(0/0/1) 13 (0/2/1)
move.l (PDL)+ D1 4(1/0/0) 6 (1/0/0) 7(1/1/0)
move. Do.-(PDL) 3(0/0/1) 5 (0/0/1) 6 (0/1/1)
move.! D1,DO 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
brs eval 5 (0/0/1) 7 (0/0/1) 13 {0/2/1)
Istl #3.D0 1 (0/0/0} 4 (0/0/0) 4 (0/1/0)
movea | DO0,A) 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

move.| (PDL)+ .DO 3(1/0/0) 6 (1/0/0) 7(1/1/0)
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eval (cont )
instruction best cache worst
for.l #3D1 1 (0/0/0) 4 (0/0/0) 4 (0/1/0)
move.l (PDL)+.D1 3 (1/0/0) 6 (1/0/0) 7 (1/1/0)
move.! #16,A0 0 (0/0/0) 6 (0/0/0) $ (0/1/0)
larl A0.D1 3(0/0/0) 6 (0/0/0) 6 (0/1/0)
jymp (Table,PD.D1B) 143 (0/0/0) 4+6(0/0/0) T+6 (0/2/0)
Table:
add: ADD
sub: suB
mul: MUL
div: DIV
mod: MOD
ADD:
add A1,D0 0 {0/0/0) 2 (0/0/0) 3 (0/1/0)
bra _end 3 (0/0/0) 6 (0/0/0) 9 {(0/2/0)
SUBI:
sub.| A1,D0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
bra _end 3 (0/0/0) 6 (0/0/0) 9 (0/2/0)
MUL1:
muls w A1,D0 25 (0/0/0) 27 (0/0/0) 28 (0/1/0)
bra _end 3(0/0/0) 6 (0/0/0) 9 (0/2/0)
DIV1:
diva.| A1,D0 54 (0/0/0) 56 (0/0/0) 56 (0/1/0)
and. #quotmask,DO 0+0(0/0/0) 2+ 4 (0/0/0) 3+5(0/2/0)
bra _end 3 {0/0/0) 6 (0/0/0) 9 (0/2/90)
MOD1: ) )
divsl A1,D0 54 (0/0/0) 56 (0/0/0) 56 (0/1/0)
move.| #16D1 0 (0/0/0) 6 (0/0/0) 5{0/1/0)
lar i Di1,DO 3(0/0/0) 6 (0/0/0) 6 (0/1/0)
end

Isl1 #3,D0 1 (0/0/0) 4(0/0/0) 4(0/1/0)
orb #2.D0 0+0(0/0/0) 2+2(0/0/0) 3+3(0/2/0)
s 9 (1/0/0) 10 (1/0/0) 12 (1/2/0)
cycles const 19+d 46+ d 59+ d

list 27+ c+d+e T0+c+d+e 93+c+d+e

struc 71+ d+e 157+ d+e 202+ d+e

add, sub 3 8 12

mul 28 33 37

div 57 68 73

mod 57 68 67

¢ time to decdr for lists
d time to dereference
t time to trail
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add, sub, mol

input: X1, X2 - input argument
X3 - result

output:

function: X1 and X2 cap only be integers, and X3 may be a
variable or ap integer.

Instruction best cache worst

add:

dereference (X1,_fail,Loref)

Loref: 6 (0) 12 (0) 16 (3)

test_integer  (X1._fail) 1/3 16/18 23/27

dereference (X2 _fail,Laref1)

Lorefl: 6 (0) 12 (0) 16 (3)

test_integer (X2, fail) 1/3 16/18 23/27

move. | X1,D0 0 (0/0/0) 2 (0/0/0) 3(0/1/0}

move | x2.D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)

Ist #1,D0 1 (0/0/0) 4 (0/0/0) 4{0/1/0)

Isl } #1.D1 1(0/0/0) 4 (0/0/0) 4 (0/1/0)

asr i #4.D0 1 (0/0/0) 4 (0/0/0) 4 (0/1/0)

asrl #4,D1 1(06/0/0) 4 (0/0/0) 4(0/1/0)

add! D1,D0 0(0/0/0) 2 (0/0/0) 3(0/1/0)

1sl #3,D0 1 (0/0/0) 4 (0/0/0) 4 (0/1/0)

orb #2,D0 0 (0/0/0) 4 (0/0/0) 6 (0/2/0)

move.) X3,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)

move.l PDL pdiBase(MP) 3 (0/6/1) 5 (0/0/1) 7(0/1/1)

brs upifyl 5 (0/0/1) 7 (0/0/1) 13 (0/2/1)

_contipue:

cycles add 80+ d+u-6 (2) 100+ d+u-12(2) 136+ d+ u-16 (36)
sub 30+ d+u-6 (2) 100+ d+u-12(2) 136+ d=+ u-16 (36)
mulw 554 d+u-6 (2) 125+ d+u-12(2) 161+ d+ u-16 (36)

d time to dereference
u time to unify




div, mod

ipput:

output:
function:

X1, X2 - input argument

X3 - result

X1 and X2 can only be integers, and X3 may be a
variable or an integer

Instruction best cache worst
div:
dereference (X1, _fail Luref)
Luoref: 6 {0) 12 (0) 16 (3)
test_integer (X1, fail) 1/3 16/18 23/27
dereference  (X2,_fail Lorefl)
Loref1: 6 (0) 12 (0) 16 (3)
test_integer (X2, fail) 1/3 16/18 23/27
move.! X1,D0 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move.l X2,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
isl.} #1,D0 1 (0/0/0) 4 (0/0/0) 4(0/1/0)
Isi.] #1,D1 1(0/0/0) 4 (0/0/0) 4 (0/1/0)
asrl #4.D0 1 (0/0/0) 4 (0/0/0) 4 (0/1/0)
arll #4,D1 1(0/0/0) 4 (0/0/0) 4{0/1/0)
div.w D1,Do 54 (0/0/0) 56 (0/0/0) 56 (0/1/0)
swap Do 1 (0/0/0) 4 (0/0/0) 4(0/1/0)
clir.w Do 0 {0/0/0) 2 (0/0/0) 3{0/1/0)
swap " Do 1 (0/0/0) 4 (0/0/0) 4 (0/1/0)
ext.w Do 1(0/0/0) 4(0/0/0) 4(0/1/0)
Isll #3,D0 1 (0/0/0) 4 (0/0/0) 4 {0/1/0)
berl #cdr,DO 1(0/0/0) 4 (0/0/0) 5 (0/1/0)
or.b #0x2,D0 0 (0/0/0) 4 (0/0/0) 6 (0/2/0)
move l X3,D1 0 (0/0/0) 2 (0/0/0) 3(0/1/0)
move.l PDL,pdIBase(MP} 3 (0/0/1) 5 (0/0/1) 7(0/1/1)
brs unifyl 5{0/o/1) 7 (0/0/1) 13 (0/2/1)
_continue.
cycles div 89+ d+u-6 (2) 176+ d+u-12(2) 213+ d+ u-16 (41)
mod 88+ d+ u-6(2) 172+ d+u-12(2) 200+ d= v-16 (40)

d time to dereference
u time to unify
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Compiler Optimized Comparisons

Input:

X1, X2 - both can only be integer of dercferenced to integen
output:
function: Test to see if the copdition bold, proceed or

fail accordingly
Instruction best cache worst
comp:
dereference (X1, _failLaref)
Luoref: 6 (0) 12 (0) 16 (3)
sest_integer (X1, ail) 1/3 16/18 28/27
dereference (X2,_hil,Lnrefl)
Laorefl: 6 (0) 12 (0) 16 (3)
test_integer (X2 fail) 1/3 16/18 23/27
move.! X1,Do 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
move.| X2,01 0 (0/0/0) 2 (0/0/0} 3 (0/1/0)
ish! #1,D0 1 (0/0/0) 4 (0/0/0) 4 (0/1/0)
Isl.l #1.D1 1 (0/0/0) 4 (0/0/0) 4(0/1/9)
cmp| Do, D1 0 (0/0/0) 2 (0/0/0) 3 (0/1/0)
boce _fail 1/3 4/6 8/9
cycles true 17 (0) 76 (0) 95 (24)

false 19 (0) 78 (0) 99 (25) J
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Appendix B. Benchmark Results.

Table 1. Cycle Count Ratio (MC88020 vs. VLSI-PLM)

prog name plm | 68020 (best) | 68020 (cache) | 68020 (worst)
chat (Mulder/Tick) 101 | 243 571 n
uch (Muider/Tick) 1.0 2.14 5.00 6.42
boyer (Mulder/Tick) | 1.0 1.86 443 57
chat (Patt/Chen) ¢ 1.0 313 6.67 8.33
boyer (Patt/Chen)* | 1.0 2.30 5.22 6.82
browse 1.0 3.00 6.23 8.55
conl 1.0 2.71 6.94 9.16
conb 1.0 3.60 7.91 10.35
differen 1.0 2.68 6.11 8.05
banoi 1.0 2.719 570 7.50
mumath 1.0 313 6.75 8.74
nrevl 1.0 271 7.01 0.38
palin 1.0 3.09 7.23 9.40
pri2 103 | 229 303 3.49
q4 1.0 2.32 509 6.73
queens 1.0 330 6.00 9.10
query 103 | 120 201 | 3.95

1 Timing as reported io |1} is actually for their pim1

model, which bad a fxed size choice point frame and 2 single

cycle memory.

¢ Cycle count ratios for chat and boyer are not comparable to those
obtained 1n [1] since their numbers are for their plm mode! while
ours are for the most up-to-date version of the VLSI-PLM.

$ The cycle counts for the PLM are calculated with the assumption that

ap interpally coupled MC68020 is used to evaluate the escapes Therefore,
cycle count is different for each of the three cases, depending on how the

MC68020 evaluates the escapes, ie., whether best, cache, or worst case

apphes
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Table 2. Relative Performance of Projected MC88020s vs. 10 MH: VLSI-PLM ¢

Program PLM MC68020

10 MHs 10 MH: 167 MH: 25 MH1 30 MH: 40 Mb:
conl (best) 0.37 0.62 0.03 11 1.24
conl (cache) 10 0.14 0.24 0.36 043 0.57
conl (worst) o 0.18 0.27 0.33 0.44
conb {best) 0.20 0.48 0.72 0.87 1.16
conb (cache) 1.0 0.13 0.22 0.33 0.39 0.52
conb (wom.) 0.10 0.17 0.25 0.30 0.40
differen (best) 0.37 0.61 0.92 1.10 1.47
differen (cache) 10 0.16 0.27 0.40 0.48 0.64
differen (worst) 0.12 0.20 0.30 0.37 0.49
banoi (best) 035 0.59 0.89 1.06 1.41
banoi (cache) 10 017 0.20 0.43 0.52 0.69
banoi (worst) 0.13 22 0.33 0.39 0.52
mumath (best) 032 0.53 0.80 0.96 1.28
mumatb (cache) 1.0 0.15 0.25 0.37 0.44 0.59
mumath (worst) 0.11 0.19 0.29 0.34 0.45
prevl {best} 0.37 062 0.92 111 148
prevl (cache) 1.0 0.14 0.24 0.36 043 0.57
prevl (worst) 0.11 0.18 0.27 0.32 0.43
palin (best) 0.34 0.57 0.85 1.02 136
palin (cache) 1.0 0.15 0.24 036 0.44 0.59
palin (worst) 0.11 0.19 0.28 0.34 0.45
pri2 (best) 0.44 0.60 0.81 0.92 117
pri2 (cache) 101 0.33 041 0.52 058 0.71
pri2 {worst) 0.29 0.35 044 0 .49 0.5¢
qs4 (best) 0.43 0.72 1.07 1.29 1.72
qs4 (cache) 1.0 0.20 033 040 0.59 079
qs4 (worst) 0.15 0.25 0.37 045 0.59
queens (best) 0.31 0.51 077 0.92 1.23
queens (cache) 10 015 0.24 036 044 0.59
queens (worst) 0.11 019 0.28 033 0.44
query (best} 0.59 0.89 1.27 149 1.94
query (cache) 10¢ 0.30 043 0.59 068 087
query (worst) 0.24 034 046 0 54 069
t The PLM timing for the escapes are calculated under the assumption
of ap interpally coupled MC68020 runcing at the corresponding clock rate

1 Relative performance is computed as the ratio of simulated VLSI-PLM execution time divided by
the projected execution time of the processor indicated in that column.
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Table 3. Relative Performance of Projected MC88020s vs. 16.7 MH: VLSI-PLM }

Program PLM MC68020
167 MH1 167 MHs 25 MH: 30 MHsz 40 MH:
conl {best) 0.87 0.56 067 08¢
conl (cache) 1.0 0.14 0.22 0.26 0.35
conl (worst) 0.11 0.16 0.20 0.27
. conb {best) 0.29 0.43 0.52 0.69
‘ con6 (cache) 1.0 0.13 0.20 0.24 0.32

con6 (worst) 0.10 0.15 0.18 0.24
differen (best) 0.37 0.55 0.66 0.88
differen (cache) 1.0 0.16 0.24 0.28 0.37
differen (worst) 0.12 0.18 0.22 0.29
banoi (best) 0.35 0.53 0.64 0.85
banoi {cache) 1.0 0.17 0.26 0.31 0.41
banoi (worst) 0.13 0.20 0.24 0.32
mumath (best) 032 0.48 0.57 0.76
mumath (cache) 1.0 0.15 0.22 0.27 0.36
mumath (worst) 0.11 0.17 0.21 0.28
prevl (best) 0.37 0.55 0.6 0.88
prevl (cache) 1.0 0.14 0.21 0.26 0.35
prevl (worst) ’ 0.11 016 0.19 0.25
palin (best) 0.34 0.51 061 0381
palin (cache) 1.0 0.15 22 0.26 0.35
palin (worst) 0.11 017 0.20 0.27
pri2 (best) 0.44 0.56 0.63 078
pri2 (cache) 10t 0.33 0.39 0.43 0.51
pn2 (worst) 0.29 0.34 0.37 0.43
qe4 (best) _ 0.43 0.64 0.77 1.03
qe4 {cache) 1.0 0.20 0.29 0.35 047
qs4 (worst) 0.15 0.22 0.27 0.36
queens (best) 0.31 0.46 0.55 073
queens (cache) 10 0.15 022 026 035
queens (worst) 011 017 0.20 0.27
query (best) 0.59 0.82 095 1.22
query (cache) 101% 0.30 0.30 0.45 0.57
query (worst) 0.24 0.31 035 045
$ The PLM timizg i¢ calculated by assuming a8 internally coupled MC68020
ronping at the corresponding clock rate.

—

t Relative performance is computed as the ratio of simulated VLSI-PLM execution time divided by

the projected execution time of the processor indicated in that column.

€2
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Table 4. Calculated vs. Real Cycles for MC88020
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There ar

Benchmark programs run on the Tower /32 suffer at least one wait
state for each data access. On the otber hand, the programs run

on the SUN 3/260 can approach the ideal MC88020 speed if
results ip » cache hit.

Calculsted Real Time on Tower on SUN 3/260
Program | Best Cache Worst | Macro Expand Quintus | Macro Expand
conl 501 1280 1700 1870 1660 1480
cond 3030 6600 8040 8090 8400 8020
banoi 130000 276000 361000 300000 367000 335000
nrevl 57100 148000 108000 | 196000 141000 181000
qs4 113000 256000 338000 357000 344000 300000
queens 100000 223000 280000 327000 232000 268000
Remarks:

every access

e optimizations in the Quintus system, as demonstrated by the

results for nrevl and queens.
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Table 5. Code Size Comparison

Program MC88020 Size  PLM Size  SUN/PLM SUN/PLM t

conl 2388 74 32.3 4.7
con6 2388 7 0.2 4.7
banoi 2100 120 17.7 3.8
nrevl 3608 260 13.7 53
qs4 5008 451 13.1 6.7
queens 0020 615 17.5 0.6
chat § 343130 21818 15.0 15.8
boyer § 271840 76815 36.6 33.8

t The PLM program size used in this column includes a run time support
library of 420 bytes.

{ The size for the MC88020 is based on estimation (with less
than 2% of error).




