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Abstract 

Jaali is an Urdu word for traditional latticed screens, also 

known as mashrabiyas, widely used in most building 

typologies in hot climate zones, particularly in South 

Asia, Middle East, and parts of Europe. The objective of 

this study was to use a simplified version of a Jaali and 

demonstrate the application of evolutionary computing 

process for optimizing the perforation ratio for daylight 

performance. This was done by creating the basic room 

geometry in Rhino6; then adding the Jaali definition in 

Grasshopper3D (GH); and finally, using a multi-objective 

optimization engine called Octopus that runs within GH 

to optimize the perforation ratio for performance 

objectives.  

Key Innovations 

The parametric approach is the most commonly used 

method for performance optimization of fixed shading 

devices such as Jaali screens. This study, however, 

illustrates the use of genetic algorithms (GA) for multi-

objective optimization of a Jaali and discusses the results 

in the context of the traditional Jaali screens. The fact that 

we have used a modelling approach that allows for non-

uniform perforations sets this study apart from other 

similar studies.  

Furthermore, this study uses the example of a Jaali to 

focus on the need for simple and in-expensive building 

components that are designed to improve the performance 

of a standard building where energy simulation or any 

other kind of performance assessment is not the norm. 

This is especially true for countries like India where new 

buildings are being erected at an unprecedented rate. The 

methodology used in this study could potentially result in 

a generic solution (of a Jaali) that would meet the 

performance objectives for a wide range of applications 

and could be used likewise for other building components.  

Practical Implications 

We feel that using GA for optimization is a very powerful 

tool that provides the designer with multiple Pareto 

solutions. This methodology has limitless scope as a 

viable workflow for mass-production of performative 

Jaali screens as discussed later in the paper. However, the 

primary challenge to its application would be the 

requirement of high computing power, even for simplified 

geometries.  

Introduction 

In vernacular architecture, Jaali served three main 

functions: climate control, visual privacy, and aesthetics. 

By dividing the wall into multiple small perforations, the 

Jaali was used to control daylight, provide shading, and 

maintain air circulation. Each perforation was shaded by 

the depth of the Jaali thus eliminating the need for any 

other shading device. Jaali allowed privacy for occupants 

from the outside, while allowing them views through the 

lattice. Lastly, as an aesthetical element, it provided points 

of visual interest on the building façade by punctuating 

the solid and massive opaque stone walls and imbuing 

them with lightness.  

Several studies have been undertaken to assess the 

daylight performance of external shading systems in 

warm climates (Kirankumar et al., 2018; Lee & Tavil, 

2007; Nielsen et al., 2011; Ochoa & Capeluto, 2006; 

Wong & Istiadji, 2004) and their impact on cooling loads/ 

energy savings (Bellia et al., 2013; Ebrahimpour & 

Maerefat, 2011; Kim et al., 2012; Kirankumar et al., 2018; 

Lau et al., 2016; Lee & Tavil, 2007; Nielsen et al., 2011; 

Pino et al., 2012; Tzempelikos & Athienitis, 2007). In this 

short literature review, however, we will focus on studies 

that limit their scope to the performance of Jaali screens 

or similar elements.  

A simulation-based study assessed the impact of 

perforation percentage of Jaali screens on the daylight 

performance in a residential living room for a desert 

climate (Sherif, Sabry, et al., 2012). The objective of the 

study was to minimize the perforation percentage while 

meeting the daylight goals. The authors studied point-in-

time illuminance, glare as well as the annual Dynamic 

Daylight Performance Metrics (DDPM) for screens that 

had uniformly distributed and same-sized square 

perforations in a grid format. The study concluded that the 

illuminance was directly proportional to the perforation 

percentage. They also found that the use of solar screens 

led to a significant reduction in Daylight Glare Probability 

(DGP). While the authors proposed minimum screen 

perforation percentage values for specific design cases 

(different orientations, seasons, and time of the day), they 

recommended a perforation ratio of 80% on south 

orientation for cases similar to the case study scenario. 

More importantly, this study highlighted the need for a 

non-uniform distribution of perforations on the screen to 

improve illuminance levels in the deep zones of the space. 

Another study evaluated at the impact of ‘traditional’ 

Jaali screens on daylight as well as energy savings in 
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contemporary office buildings in the hot-humid climate of 

Lahore, Pakistan (Batool & Elzeyadi, 2014). Based on 

field studies of typical vernacular buildings in the region, 

three perforation ratios of 30%, 40% and 50% hexagonal 

Jaali screens were selected for application on the south 

and west façade. The depth-to-width ratio of the Jaali was 

set at 1:1. These Jaali screens were incorporated in the 

office building simulation model. The performance 

metrics used were Energy Use Index (EUI), thermal 

comfort, Solar Heat Gain Coefficient (SHGC), Annual 

Sunlight Exposure (ASE), Glare Threshold (GT) and 

DGP. The Jaali with 50% perforation ratio was proposed 

as the best balance between the different performance 

objectives. The study was extended by the authors to the 

hot-arid climatic context of Doha, Qatar and the hot-

moderate location of Los Angeles, USA. They found that 

out of the three perforation ratios included in the study, 

30% was the best solution for the climate of Doha and 

40% was optimal for Los Angeles (Elzeyadi & Batool, 

2018). The authors argued that although the higher 

perforation ratios of 80-90% have been deemed to be 

optimal in hot-arid desert climate in terms of energy 

performance (Sherif, El-Zafarany, et al., 2012), such high 

perforation ratios were not applicable to vernacular 

examples of Jaali screens which ranged between 30-55% 

perforation ratio based on their field survey of traditional 

Jaali screens (Batool & Elzeyadi, 2014). The authors, 

however, highlight the need for investigating other 

perforation ratios as well as non-uniform perforation 

patterns. 

We found two studies based in India that reviewed the 

traditional Jaali screen designs for performance. The first 

study (Gandhi, 2012) documented 256 stone Jaalis from 

30 mosques in the hot and dry climate of Ahmedabad, 

India. Based on this data, the author developed 27 

simplified (without ornamentation) representative 

geometries with different perforation ratios and depths. 

Daylight simulations in Radiance showed that the 

daylight performance was influenced by the perforation 

ratios and depths. However, since the study has not been 

published, it was possible to assess which performance 

metrics were used for evaluation or which geometries 

achieved the performance goals. In the second study 

(Kumar, 2014), the author identified three case study 

buildings in three different climatic zones of India: Jaipur 

(hot semi-arid), Agra (humid subtropical) and Nagarcoil 

(tropical monsoon), representing three precedents for the 

use of Jaali screens. Field study comprised of 

documentation of the Jaali screen geometries as well as 

measurements of air and surface temperature, humidity, 

air speed and luminance along with the administration of 

comfort surveys. Since the case study buildings were 

historical monuments, these surveys were completed by 

the guards stationed in these buildings. Four perforation 

ratios for each Jaali were then tested using physical 

models to assess the air speeds resulting from the flow of 

air from outside to inside. Simple mathematical 

calculations were used to calculate the Daylight Factor. 

Finally, the author proposed a ‘conceptual’ Jaali screen 

design for the each of the three locations to optimize for 

shading, daylighting, and air penetration although she has 

not provided any data to support the performance of these 

designs and the iterative process leading to the ‘best’ 

solution seem to be missing.  

While most of the aforementioned studies use parametric 

optimization, we also found a few examples where GA 

were used to achieve an optimal solution, such as 

optimizing building shape for life-cycle cost (Tuhus-

Dubrow & Krarti, 2010); and shading for energy demand 

(Khoroshiltseva et al., 2016; Manzan, 2014). These 

studies demonstrate the potential of optimization through 

GA for driving the performance of a building in early 

stages of the design process (Ashour & Kolarevic, 2015).  

In his classic text, Victor Olgyay (Olgyay, 1963) argued 

that the design of modern buildings should respond to the 

region in which they are located. To do this we must take 

cues from the vernacular design, which he considers the 

source of cultural manifestations in architecture. In their 

own way, Olgyay and his contemporaries suggested that 

the edifices like Jaali resulted from a process of design 

evolution, or natural selection, balancing aesthetics, 

culture, and environmental selection. The increasing use 

of GA in parametric design of building elements raises 

interesting questions in the context of Olgyay’s theory of 

bioclimatic design. Does computational optimization 

using GA reveal new, performative architectural systems 

that stand significant apart from vernacular concepts that 

undertook their own process of evolution? Do the 

performance targets of these systems ultimately 

necessitate parametric modelling (as undertaken in this 

paper) or can high-performance be pursued using 

historically established, non-computational design 

approaches (as shown in Figure 1)? In this paper we try to 

address these questions by applying the evolutionary 

computing process on a simplified version of a Jaali and 

comparing the resulting system with the naturally-

evolved vernacular examples. We will use the Spatial 

Daylight Autonomy (SDA) and Annual Sunlight 

Exposure (ASE) as the daylight performance metrics for 

this experiment.  

 

(a) (b) 

Figure 1: Examples of Jaali screens from historical 

buildings: (a) Alhambra, Spain, (b) Topkapi Palace, 

Turkey 

Methodology 

The methodology we have used may be divided into three 

steps: (1) we first created the basic room geometry in 

Rhino6; (2) to this we added the Jaali definition in 

Grasshopper3D, which is a parametric modeling tool 

(GH); and (3) finally, we used a multi-objective 
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optimization engine called Octopus that runs within GH 

to optimize the perforation ratio for SDA and ASE. These 

annual daylight performance metrics were obtained using 

the DIVA plug-in for GH. We have documented steps 1 

and 2 in section 0and step 3 in section 0. 

Determination of geometry definition in Rhino6 and 

GH 

Test cases: For the test case geometry, we created a model 

(representative of a room in a small residential building in 

India) in Rhino6 with a south-facing façade, which was 

left blank for the Jaali definition (Figure 2a). We assigned 

materials to all the surfaces from the DIVA library in 

Rhino6 and GH (Table 1). The Jaali was modeled in GH 

by creating a module, referred to as Case 1 (Figure 2b), 

and then repeating it along the two axes in a grid, resulting 

in a total of 169 modules on the façade. Each module had 

a perforation with four possible variations in size (Figure 

2d), controlled by a slider in GH. We also wanted to create 

a module with no aperture, so the fifth aperture size was 

set at 0.1 mm to simulate an opaque wall. Each aperture 

slider controlled all 13 apertures in a row on the Jaali grid 

(Figure 2f).  

 

(a) (b) (c) 

(c) 

(f) 

Figure 2: Details of geometries for Cases 1-4: (a) Room 

geometry in Rhino6, (b) Jaali module - Case 1, (c) Jaali 

module - Case 2, (d) Jaali perforation sizes and 

corresponding slider positions in GH, (f) a random, non-

uniform configuration of perforations (Perforation % = 

19.3%) 

 

Table 1: DIVA daylight materials assignment 

Layer name Material 

Ceiling HighReflectanceCeiling_90 

Floor TileFloor_40 

Walls WhiteInteriorWall_70 

Jaali OutsideFacade_35 

 

Daylight simulations in DIVA: The annual daylight 

simulations were run for Ahmedabad, India 

(IND_Ahmedabad.426470_IWEC). DIVA uses the 

weather data file for calculation of sDA, ASE and other 

metrics we have used in this study, so the choice of the 

sky model was irrelevant in this case. The daylighting grid 

offset was 750 mm and the grid spacing was set at 450 

mm. We left all other default DIVA settings unchanged. 

We ran the annual daylight simulations at four Radiance 

raytrace quality settings (Figure 4). The only parameter 

we changed between these four settings was the number 

of ambient bounces (ab), which ranged from 1 (lowest) to 

6 (lowest w/ ab=6); other settings were kept constant 

(ambient accuracy = 0.15; ambient divisions = 512; 

ambient resolution = 256; ambient sampling = 64; direct 

relays = 2; source substructuring = .2; limit reflection = 6; 

limit weight = 0.004; source jitter = 0; specular jitter = 1; 

specular threshold = 0.15). Since the Jaali had a 

thickness, we decided to increase the number of bounces 

to improve the quality of the simulation. This led to 

considerable differences in the simulation run time as well 

as the SDA output.  

Based on the findings of test Case 1, we developed several 

variations of the Jaali module with the objective of 

simplifying the Jaali geometry definition in GH to reduce 

the simulation run time. In test Case 2, we extruded only 

the perforation while keeping the opaque part of the 

modules as a two-dimensional surface (Figure 2c). All 

other dimensions of the model were the same as Case 1. 

We tested this model for the same raytrace quality settings 

as those used for Case 1, using the same configuration of 

perforations. The tests showed longer run times for higher 

quality (higher ab) settings (Figure 4). In test Case 3, we 

joined the boundary representation (BREP) components 

of each module to reduce the total number of components 

in the model. This measure, however, did not improve the 

run times.  

For the next test case (Case 4), we removed the depth to 

turn it into a two-dimensional Jaali. The run times were 

considerably less while the SDA and ASE values 

increased (Figure 4) due to the absence of self-shading 

which the depth of the Jaali provided for each perforation 

in the previous test cases. Since the self-shading property 

is an exemplary feature of the Jaali, we decided to use the 

three-dimensional Jaali for further test cases as a more 

representative scenario and find other ways to reduce the 

simulation run time.  

Final geometry: For the final case (Case 5), we made 

minor changes to the dimensions of the Jaali module and 

the room (Figure 3a and b). These changes were made 

primarily to reduce the divisions in the grid and the total 

number of perforations. we expected this would help in 

reducing the simulation run times. Changing the module 

size also resulted in a minor change in the aperture sizes 

(Figure 3c). For this case, we removed the “0.1 mm” 

aperture that corresponded to an opaque surface. Each 

row of apertures was controlled by a single number slider 

in GH. The façade comprised of a square grid of a total of 

100 modules (10 rows x 10 columns) (Figure 3d). 

An important difference between the previous test cases 

and Case 5 was in the way the Jaali was modelled in GH. 
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In the test cases, each module was modelled separately by 

creating a square surface, splitting it to form a circle and 

a residual surface, and extruding the residual surface to 

give it depth. This was then repeated to form a grid of 

modules or the Jaali. This method resulted in at least 169 

distinct BREP surfaces used as “objects” in the annual 

daylight simulation component of DIVA, which led to 

longer run times.  

 

(a)  (b) 

 (c)  

(d) 

Figure 3: Details of the geometry for Case 5: (a) Room 

geometry in Rhino6, (b) Jaali module, (c) Jaali 

perforation sizes and corresponding slider positions in 

GH, d) a random, non-uniform configuration of 

perforations (Perforation % = 19.6%) 

 

For the final Case 5, the entire façade wall was created as 

one surface which was split to generate 100 apertures and 

then extruded. This led to one BREP component and 

improved the run times (Figure 4). It is important to note 

here that since all the dimensions (of the module, 

perforations and façade) were different from the test 

cases, it was not possible to recreate the exact Jaali 

configuration for Case 5 but we have approximated it in 

Figure 3d by maintaining similar perforation ratios and 

the relative position of the specific apertures sizes (see 

Figure 2f for comparison).  

Multi-objective optimization using Octopus  

We used the Octopus plug-in for GH for optimizing the 

Jaali perforation ratio for SDA and ASE. Octopus uses 

evolutionary algorithms to iteratively search for solutions 

that fit the objectives or the fitness criteria from a set of 

genes or design variables. These solutions form the Pareto 

front.  

We have stated earlier that each row of apertures was 

controlled by one number slider, making a total of 10 

sliders in the GH script. These sliders were used as 

genomes in the Octopus component (Figure 5a). The SDA 

and ASE outputs from the DIVA annual daylight 

simulation analysis were used as the two objectives for 

optimization, where we wanted the optimization solution 

to maximize the SDA and minimize the ASE. Since 

Octopus minimizes the objectives, instead of maximizing 

them, we adjusted the SDA output by assigning it a 

negative value multiplying it by “-1” (Figure 5b).  

 

(a) 

(b) 

(c) 

Figure 4: Comparing Cases 1-5 for (a) simulation run 

times and outputs: (b) SDA; (c) ASE (for Jaali 

configurations shown in Figure 1f and Figure 2d) 

 

 

(a) 

(b) 

Figure 5: Octopus component in GH and (a) parameters 

and (b) objectives used for optimization 

 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
2549

 
 

https://doi.org/10.26868/25222708.2021.30487



Based on our learnings from the several test runs, and due 

to constraints of time and computational power, we set up 

Octopus to stop optimization after 5 generations (Max. 

Generations=5). The ‘Population size’ was set to 100 so 

each generation pool had 2x100 solutions. 

Results 

Optimization  

The results of the multi-objective optimization are 

visualised as a scatter plot where each point/cube 

represents a solution (Figure 6a). The x-axis (red) shows 

the SDA values, and the ASE values appear on the y-axis 

(green). Also shown on the coordinate axes are the 

maximum and minimum values for the entire set of 

solutions being displayed. The minimum value for SDA 

was “-100” (this will effectively maximize the SDA) and 

the minimum was “0”. ASE maximum was 20.4 which 

means that none of the solutions had ASE values higher 

than 20.4.  

(a) 

(b) 

(c) (d) 

(e) (f) 

Figure 6: Multi-objective optimization results; (a) 3D 

graph showing all optimization solutions along with the 

Pareto-Front, (b) Generation 1, (c) Generation 2, (d) 

Generation 3, (e) Generation 4, (f) Generation 5  

 

The thin blue line in the graphs in Figure 6 indicates the 

Pareto front. Graphs b-f (Figure 6) show the progression 

of the optimization and the change in the Pareto front with 

each generation. The first generation had five solutions on 

the Pareto front. With each generation this number 

increased although we also observed a rise in the number 

of ‘duplicates’ – solutions which had the same SDA and 

ASE values.  

 

Figure 7: Unique optimal solutions and their SDA and 

ASE outputs 

 

 

(a) 

 

(b) 

 

(c) 

Figure 8: Jaali configurations for 'optimal' solutions 

along with their perforation ratios; (a) Solution 3 - 

Perforation ratio = 18.4%, (b) Solution 4 - Perforation 

ratio = 19.6%, (c) Solution 5 - Perforation ratio = 

21.5%  

 

Generation 5 had 10 ‘optimal’ solutions on the Pareto 

front, of which six were unique. Figure 7 shows these 

solutions with the objective values (-SDA, ASE). 

Although both solutions 3 and 4 meet the LEED v4 

requirements for SDA and ASE (SDA ≥ 55%; ASE ≤ 

10%), solution 4 performs better on both metrics so it 

seems to be the optimal solution. Solution 5 has higher 

SDA value although its ASE value exceeds the LEED v4 

benchmark by just 0.2%. We also compared the 

perforation ratios of these three solutions (Figure 8) and 

did not find much variation between them. The 

perforation ratios are directly proportional to the SDA and 

ASE values. It also seems that these daylight performance 
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metrics are fairly sensitive to small changes in perforation 

ratios: an increase of 6.5% in perforation ratio from 

solution 3 to 4 resulted in a 37.5% increase in SDA. This 

relationship, however, needs to be analysed using more 

robust statistical methods. 

Daylight analysis 

We performed a more detailed analysis of the Jaali 

configuration from Solution 4 to understand its 

performance with respect to other annual metrics. We 

have stated in the previous section that this solution 

resulted in an SDA of 89.8%. This means that 89.8% of 

the floor area received more than 300 lux of illuminance 

for at least 90% of the occupied hours annually (Figure 

9a). We also found that about 25% of the floor was over 

lit, receiving higher than 3000 lux for more than 5% of the 

time (Figure 9b). The average Useful Daylight 

Illuminance was 94.6% indicating that for 94.6% of the 

total occupied hours, the illuminance levels were between 

100-2000 lux (Figure 9c). Lastly, the ASE value shows 

that 8.9% of the floor area received illuminance exceeding 

1000 lux for at least 250 hours of the year (Figure 9d). 

This value is within the permissible limits according to 

the thresholds indicated in LEED v4. This analysis 

showed that Solution 4 performed well on all metrics 

although there was a possibility of glare since parts of the 

floor were over lit.  

 

(a) (b) 

(c) (d) 

Figure 9: Annual daylight simulation results for Solution 

4; (a) Daylight Autonomy, (b) Daylight Availability, (c) 

Useful Daylight Illuminance, (d) Annual Sunlight 

Exposure hours 

 

Glare analysis: We performed point-in time glare analysis 

for Solution 4 to assess if excessive Daylight Availability 

on 25% of the grid points resulted in any visual 

discomfort. For this analysis, the camera (or occupant) 

view was set to look directly at the Jaali. We selected this 

view because (a) it was looking directly into the light 

source – Jaali perforations in this case, and (2) it was 

perhaps also looking at the surface with highest contrast. 

Both these conditions may result in glare.  

The lowest quality simulation took 47 seconds while the 

low quality exceeded 15 minutes. The difference in 

quality settings did not affect the DGP values so we 

decided to complete the glare analysis using the lowest 

quality settings. The point-in-time glare analysis was 

performed for 6 instances (Figure 10). The DGP ranged 

from 27-32% and the Daylight Glare Rating (DGR) was 

“imperceptible” for all instances. These results indicate 

that for this specific viewpoint, Solution 4 does not result 

in any visual discomfort from glare.  
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Figure 10: Glare analysis results for Solution 4 

 

Depth of the Jaali and the room: We wanted to assess the 

impact of the depth of Jaali perforations on daylight 

performance. We had set the depth at 75 mm for Case 5 

and the performance of Solution 4 was based on the same 

dimension. For this analysis, we increased the depth in 

increments of 25 mm up to a maximum of 150 mm and 

ran annual daylight simulations keeping all other 

geometry parameters same as Solution 4 (Figure 11). 

Predictably, increase in Jaali depth resulted in higher 

percentage of the perforations being shaded for a longer 

time. As a result, we see the impact of reduction in 

illuminance levels on all performance metrics. Doubling 

the Jaali depth from 75 mm to 150 mm led to almost 90% 

reduction in SDA, although the change in SDA was 

‘steeper’ when the depth was changed from 100 mm to 

125 mm. ASE was “0” for all cases except the one with 

75 mm depth. The mean value of DA also changed with 
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increase in Jaali depth in decrements of 22% (between 75 

mm and 100m) and ~32% for each of the subsequent step 

changes. We observed a minor reduction of 5% in mean 

UDI between the cases with depths of 75 mm and 150 

mm.   

Lastly, we decided to examine the performance of the 

Jaali configuration in Solution 4 (75 mm depth) for rooms 

with different depths (Figure 12). The room depth for 

Case 5 was set at 3 m. For this analysis, we increased it in 

increments of 1 m up to a maximum value of 6 m. We 

noticed a steep decrease in both SDA (31%) and mean DA 

(22%) when the room depth was changed from 3 m to 4 

m. For the subsequent step changes, this decline was more 

gradual. The mean value of UDI decreased from 95% for 

3 m to 79% for 6m room depth although this change was 

only 16%, much lower compared to the change in SDA 

and mean DA values. We also observed a gradual increase 

in ASE with the increase in room depth. This is 

inconsistent with the trend we had expected to see, and we 

have not been able to explain it.  

 

 

Figure 11: Impact of Jaali depth on daylight 

performance metrics 

 

 

Figure 12: Impact of Room depth on daylight 

performance metrics 

Discussion and conclusion 

The objective of this study was to assess the design 

outcome of application of GA for optimization of 

perforation ratio of a simplified Jaali screen for daylight 

performance. SDA and ASE were used as the 

performance metrics and optimization objectives for this 

analysis. The methodology involved creating a room 

geometry in Rhino6, fitting it with a parametric Jaali 

screen modelled through GH and then using software for 

optimization and daylight analysis.  

The optimization process resulted in six unique solutions 

on the Pareto front. We selected Solution 4 as the best 

performing option since it resulted in the highest SDA 

(89%) and lowest ASE (8.2%) value while complying 

with the LEED v4 requirements for daylighting credits. 

The perforation ratio for this configuration was 19.6%. 

One might, therefore, conclude that for a room measuring 

3 m x 3 m x 3 m, a south-facing Jaali screen of 

approximately 20% perforation ratio could be the most 

optimal solution for Ahmedabad, India if evaluated based 

on SDA and ASE. This value, however, does not agree 

with the results of some of the studies we have cited in the 

literature review that propose 30%, 40% (Elzeyadi & 

Batool, 2018), 50% (Batool & Elzeyadi, 2014) and even 

80% (Sherif, El-Zafarany, et al., 2012) as the optimal 

perforation ratios. In our opinion, the main reasons for this 

considerable difference in the proposed perforation ratios 

are that the other studies (1) included more performance 

metrics in the analysis, (2) performed the analysis for 

locations different from the one we used for this study, 

although they may all be classified as warm or hot climate 

zones and (3) used methods different from the genetic 

optimization we have proposed in this paper.    

We found that the near-optimal solutions were similar in 

their performance and yet looked different visually. These 

solutions also looked different from their existing non-

parametric counterparts (Figure 1). We can argue that 

since the latter evolved naturally, and their design refined 

over centuries to minimize or maximize specific climatic 

elements, it is likely that these vernacular forms have 

always been closer to “optimal” than far away. Following 

this logic, we might say that applying GA to the 

parametric design of a Jaali may not really reveal 

significant performative advances over the vernacular 

versions.  

While the traditional Jaali screens may be similar in 

performance to the near-optimal solutions from this 

experiment, this study is a step towards addressing a 

different research gap. In recent years, there has been a 

rapid growth in the installation of off-the-shelf, mass-

produced Jaalis that are increasingly much closer to low-

cost aesthetic features than their vernacular ancestors. The 

computational optimization process defined in this paper 

should not compared against historical Jaali. Instead, it 

should be considered as a viable workflow for the 

construction of mass-produced Jaali screens that still 

have strong performative roots. In that context, we feel 

that optimization using GA is a very powerful tool that 

provides the designer with several ‘optimal’ solutions.  
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